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HE PHYSICAL properties of radio- 
i cctive phosphorus (P**) make it suit- 
able for studying the effect of beta particle 
radiation on the skin. Radioactive phos- 
phorus emits beta particles only and 
disintegrates at a daily rate of 4.8 per cent, 
thus losing one half of its initial activity 
in 14.3 days. The beta particles of radio- 
active phosphorus have a continuous energy 
spectrum ranging from 0 electron volts 
fev.) to 1.69 X 10° e.v. The average 
energy of the radioactive phosphorus par- 
ticles is approximately 7.0 X 10°e.v. The 
greatest abundance of the particles occurs 
at the average energy. Approximately 
600 cm. is the maximum distance a beta 
particle of radioactive phosphorus can 
travel in dry air at 0° C. temperature and 
760 mm. Hg pressure; in water or tissue 
the maximum distance is approximately 8 
mm. (1-4). 


TECHNIC 


The radioactive phosphorus used in the 
study to be reported here was an aqueous 
solution of disodium hydrogen phosphate 
containing 15 mg. of the salt per cubic 


centimeter of water. The radioactivity of 
the solution was measured at the Radiation 
Laboratory of the University of California 
in Berkeley and determined in microcuries 
per cubic centimeter. The figures re- 
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ported here refer to activity measurements 
determined by the method and standards 
used at that laboratory. Discrepancies 
were found in the activity of radioactive 
phosphorus when measurements were made 
at different centers. Thus, when a solu- 
tion is used, the activity of which has been 
determined at the Washington University 
laboratories in St. Louis, it is necessary to 
apply a correction factor of + 1.1, while 
for activities determined at the Massachu- 
setts Institute of Technology a factor of 
—2.3 must be employed at the present 
time to obtain comparable figures (5). 
Early in these studies the need became 
apparent for a technic by which the ex- 
posures and reactions could be exactly 
reproduced. After prolonged trial of nu- 
merous vehicles, such as absorbent cotton, 
lanolin, vaseline, gum acacia, etc., it was 
found that ordinary thin blotting paper is 
a most suitable and simple vehicle for the 
radioactive phosphorus solution. Blotting 
paper of known dimensions soaked in 
measured amounts of Na,HPO, solution 
and dried can be applied easily in contact 
with any part of the skin, and exposures 
can be reproduced exactly. Disks of 
blotting paper 2.5 cm. in diameter (4.9 sq. 
cm. in area) and 0.4 mm. in thickness 
(21 mg/cm?) were used in these experi- 
ments. The disks were applied over nor- 
mal healthy skin on the flexor surfaces of 
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the arms and forearms. Twelve subjects 
were studied in this series, and from three 
to five disks were applied on each subject, 
approximately 3 cm. apart. Three were 
applied on the forearm and two on the 
arm. Each blotting paper disk was held 
in place, in contact with the skin, by zinc 
oxide type adhesive tape an inch in width, 
which entirely covered the disk. Three 
subjects had exposures on both arms and 
forearms, 9 subjects on one arm and fore- 
arm only. A total of 69 exposures were 
made. Only 62 of these could be eval- 
uated, however, since two of the subjects 
unintentionally removed some of the disks 
before the contemplated time. One in- 
advertently moistened three disks on the 
forearm while washing. Equal activities 
were applied for various lengths of time on 
any one subject. Different amounts were 
applied to the respective subjects, 1.53, 
2.15, 8.1, 10.2, 20.4, 40.8, 61.2 microcuries 
per square centimeter being used. 

The amounts of radioactivity listed here 
are not corrected for absorption within the 
vehicle. Experiments have shown that, 
when equal amounts of radioactive phos- 
phorus were spread on equal areas of 
blotting paper and cellophane foil, the 
measured activity of the blotting paper was 
15 per cent less than that of the cellophane. 
This difference is due to absorption within 
the blotting paper used in these studies. 
For blotting paper of different weight the 
“self-absorption” must be determined and 
corrected to reproduce the reactions des- 
cribed in this study. 

Investigations were undertaken to de- 
termine whether the adhesive tape with 
which the blotting paper was held in place 
was responsible for any ‘“‘reflected’’ radi- 
ation. No difference could be detected 
with or without adhesive tape backing. 

Consideration was given to the possibil- 
ity that secondary x-rays (‘‘Bremstrah- 
lung’) might result from the interaction 
of the beta particles with the blotting 
paper and the tissues. Because of lack of 
facilities, however, this question was not 
investigated. The physical and geomet- 


rical factors in these studies were constant 
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enough so that if secondary x-rays were of 
any practical significance, they were always 
proportional to the total radiation dissj- 
pated under the particular conditions. 

First consideration was given to deter- 
mination of the smallest amount of radi- 
ation which would produce discernible 
erythema. Ten exposures varying from 
16 to 33 microcurie hours per square cen- 
timeter produced no erythema. All six 
exposures (on four subjects) of 34 to 36 
microcurie hours per square centimeter 
produced a faint but discernible erythema. 
The four expesures of 37 to 40 microcurie 
hours per square centimeter, on four 
different subjects, produced a frank eryth- 
ema. The ‘threshold erythema dose,” 
therefore, may be accepted as approxi- 
mately 34 microcurie hours per square 
centimeter. 

The amount of radiation necessary to 
produce an epidermolysis was the next 
consideration. A dry epidermite was pro- 
duced by exposures to at least 1,950 micro- 
curie hours per square centimeter. All 
six tests with 1,950 to 2,100 microcurie 
hours per square centimeter produced a 
dry epidermite. A bullous wet epider- 
molysis resulted from exposures of 4,100 
to 4,500 microcurie hours per square 
centimeter in the four subjects tested. 

The reactions were observed from the 
third or fourth day after beginning of the 
exposure, daily for sixteen days, then every 
third day up to the thirtieth day, twice a 
week between the thirtieth and sixtieth 
day, and once in two weeks between the 
sixtieth and ninety-fifth day. In some of 
the subjects, particularly those with large 
exposures, more frequent inspections were 
made. In order to detect late reactions, 
the subjects have been seen in six- to 
eight-month periods and are still being 
followed. 

When the dose does not exceed 1,500 
microcurie hours per square centimeter, 
the erythema occurs approximately three 
to five days after the beginning of exposure, 
increases in intensity up to the fourteenth 
to sixteenth day, and subsides in approx- 
imately thirty days. The erythema grad- 
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ually changes into pigmentation, and 
after sixty days almost no difference can be 
noted between exposed and unexposed 
skin. The time of appearance, the rate of 
development, and the rate of subsidence of 
the erythema reaction are entirely inde- 
pendent of the total amount of radio- 
active phosphorus applied within the 
limits tested. For instance, whether 1.55 
microcuries per square centimeter were ap- 
plied for twenty-four hours or 2.15 micro- 
curies per square centimeter for seventeen 
hours, the course of the reaction was the 
same. This holds true as well for higher 
amounts, unless the total exposure exceeds 
1,500 microcurie hours per square cen- 
timeter. 

Exposures of about 2,000 microcurie 
hours per square centimeter produced a 
more intensive erythema reaction from the 
onset on the third or fourth day after the 
beginning of application than did the 
smaller exposures. Eighteen to twenty- 
three days after the beginning of such ex- 
posure, a dry scaly epidermite occurred, 
which subsided in approximately thirty- 
five to forty-five days. This reaction left 
a slightly depigmented center with hyper- 
pigmented edges about sixty to sixty-five 
days after the beginning, of the exposure. 

With an exposure exceeding 3,500 micro- 
curie hours per square centimeter the ini- 
tial appearance and intensity did not 
differ from those after exposures approx- 
imating 2,000 microcurie hours per square 
centimeter, but frequently a bullous epi- 
dermolysis resulted in sixteen to twenty 
days from the onset of exposure. Expo- 
sures to more than 4,000 microcurie hours 
per square centimeter always resulted in a 
bullous epidermolysis. After fifty to sixty 
days from the beginning of exposure, even 
up to 4,500 microcurie hours per square 
centimeter, the skin recovered. The site 
of exposure presented a depigmented cen- 
tral area with hyperpigmented edges. 
Repeated observation of the exposed areas 
for a period of more than three years has 
revealed that no late reactions occur when 
the dose does not exceed 3,500 microcurie 
hours per square centimeter. After six 
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Fig. 1. D. M. Reaction to 7.6 microcuries of P* 
in blotting paper disk 4.9 cm.? 


Estimated Dose 


Applied Exposure in First mm. Layer 
(a) 24 hr. (a) 36 we hr./em.? (a) 159 rg 
(b) 48 hr. (b) 72 we hr./cm.? (b) 3ll rg 


1. Five days after beginning of exposure. Erythema 
discernible at a and more intensive at db. 

2. Thirteen days after beginning of exposure. The 
difference of intensity of erythema between a and } 
more marked. No subjective symptoms 

3. Sixty-eight days after beginning of exposure 
Almost no difference noticeable between irradiated and 
non-irradiated skin. 


months those subjects who were exposed to 
more than 3,500 microcurie hours per 
square centimeter, and who reacted with an 
epidermolysis, showed slight dimpling of 
the skin in the area which had been exposed 
to radiation. No late reaction of telan- 
giectasia has been observed in the three- 
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Fig.2. Z.E. Reaction to 100 microcuries of P** in blotting paper disk 4.9 cm.? 
Estimated Dose 
Applied Exposure in First mm. Layer 
a) 12 hr. (a 240 ue hr./em.? (a) 1050 rg 
b) 24 hr. (b $80 we hr./em.? (6) 2070 rg 
c) 48hr. (c) 960 ue hr./em.? (c) 3950 re 
d) 72hr. (d) 1440 we hr./em.? (d) 5650 rg 
(e) 96 hr. (e) 1920 ue hr./cm.? (e) 7200 rg 


1. Seven days after beginning of exposure 


The distinctness of the ery- 


thema in the five areas is in proportion to the dose 


> 


2. Thirty days after beginning of exposure. Some pigmentation at a and 0. 


Marked marginal pigmentation at c, d, and e, with scaling of the skin at c 


and e. Some itching at c, d, and e 


3. Sixty-four days after beginning of exposure 


Areas a and + almost in- 


discernible. Residual pigmentation at c, d, and e. No subjective symptoms 


year observation period, but this does not 
preclude the possibility that a late reaction 
may still develop. 

Figures 1, 2, and 3 show the course of the 
erythema reaction in three of the subjects. 

The depth effect of the beta radiation 
from externally applied radioactive phos- 
phorus was next studied. Although the 
erythema reaction unquestionably indi- 
cated a radiation effect on the subpapillary 
plexus, it appeared advisable to investi- 
gate the extent of the depth effect by means 
of microscopic studies. Through the co- 
operation of Dr. Frances Torrey of the 





Department of Dermatology and Dr. H. 
Glenn Bell, Department of Surgery, of the 
University of California, skin biopsies at 
least 5 mm. thick were taken from irra- 
diated and adjacent non-irradiated areas in 
the following two cases. The specimen 
from the first case was taken during the 
acute phase (35th day) of a severe epider- 
molytic reaction, and the specimen from 
the second case was taken during the late 
phase (215th day) of a less severe epider- 
molytic reaction. 

A. A., 64-year-old male. Biopsy from right arm. 
The specimen was taken from the skin of the arm 
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to which a blotting-paper pad, 4.9 sq. cm., contain 
ing 300 microcuries of radioactive phosphorus had 
been applied for 72 hours (4,400 microcurie hours per 


square centimeter). The biopsy was done thirty- 
five days after the onset of exposure. The histo 
logic findings are described by Dr. Warren L. 
Bostick as follows: 

“Gross Description: Section from the right arm 
isa full-thickness skin specimen which extends to the 
ynderlving adipose tissue. At one end of the sec- 
tion there is desquamated, pale, atrophic skin. On 
the other end of the section the epithelium of the 
surface is gré ssly not remarkable. 

“Microscopic: In one half of the section the 
epithelium is atrophic with thinned keratin laver, 
stratum granulosum, and malpighian laver. There 
js some separation in the dyskeratotic areas by a 
serous fluid. In the stratum spinosum there is 
evidence of moderate edema and prominent inter 
cellular bridges. In the superficial dermis there 
are edema, hydropic collagenous fibers, and very 
little evidence of increased cellularity. Scattered 
round cells are noted, as well as occasional eosino 
phils. In the deeper dermis the sweat glands, the 
sebaceous glands, the hair follicles, and the arrector 
pili muscles are seen to be atrophic, with surround 
ing fibrosis and lymphocytic cells. Throughout the 
whole thickness of the dermis there is edema with 
swollen endothelial cells and fibrocytes, with rela 
tive, although not absolute, decrease in collagen, 
The endothelium of 
The luminal size 


elastic fibers, and reticulin. 
the capillaries appears swollen. 
f the vessels is decreased, producing relative 
avascularitv. The evidence of the cellular reac 
tion extends to the whole 5-mm. thick specimen. 

‘In contrast, the adjacent non-irradiated areas 
of the section reveal a full thickness of the norma! 
squamous epithelium showing a slight edema and 
keratin desquamation. In the dermis there ts more 
vigorous reaction, with many lymphocytes, plasma 
cells, and eosinophils. The stroma is rather dense, 
with increased collagen, elastic fibers, and reticulin 
being produced by prominent fibroblasts. 

“Summary: In the irradiated areas the histo 
logical picture is one of some desquamation of the 
epithelium with cellular changes in the epidermis, 
some atrophy and edema of the tissues of the der- 
mis with a predominant picture of inhibited fibro 
blastic, endothelial, and inflammatory reaction. 
This relative inhibition of the full normal inflamma 
tory reaction is best compared with the adjacent 
non-irradiated tissue, where the reaction of leuko 
cytes and fibrosis is much more abundant. The 
abnormal tissue changes extend to the lower margin 
of the section.”’ 


These microscopic findings (Figs. 4 and 
5) indicate that the biological depth effect 
on the skin, of beta radiation from exter- 
nally applied radioactive phosphorus during 


3 
=. 


Fig.3. A.W.A. Reaction to 300 microcuries of P® 
in blotting paper disk 4.9 cm.* applied for 72 hours 
Estimated Dose 
in First mm. Layer 
17,000 rg 
Marked 


Exposure 

$320 ue hr./cm.* 

1. Seven days after beginning of exposure 
erythema with some edema in the center. 
2. Twenty-five days after beginning of exposure. 
Marked erythema with wet epidermolysis. Some ten- 
derness. 

3. Fifty-eight days after beginning of exposure. 
Skin recovered, some pigmentation. Healing sear from 
biopsy taken 35th day after beginning of exposure. 


the acute phase of the reaction, extends to 
at least 5 mm. when the surface reaction is 
a bullous epidermolysis. 


B. N. H., 69-vear-old male. Biopsy from skin of 
left arm to which a blotting pad, 4.9 sq. cm., con 





BERTRAM V. A. LOW-BEER 


eptember 1946 





Fig. 4. A.A. male 


Photomicrograph of skin. X c.10. Biopsy specimen taken from irradiated and adjacent 


non-irradiated skin on the 35th day after beginning of exposure to 4,400 microcurie hours per square centimeter 
of P*?, Clinically desquamating phase of acute bullous epidermolysis. The right half of the photomicrograph 
shows desquamated keratin layer, atrophic, thinned stratum granulosum, and malpighian layer of the epithelium 
edema of the dermis. In contrast, the left half of the section, from skin not exposed to radiation, shows normal 


squamous epithelium and dense stroma of the dermis. 


Details from sections indicated in Fig. 4 as 


Fig. 5 
A. A.and B. B. Xc. 80. The right half shows area 
A. A., which was exposed to radiation. The stratum 
spinosum of the epithelium shows moderate edema and 
prominent intercellular bridges; edema of the super- 
ficial dermis with hydropic collagenous fibers; marked 
narrowing of the vessels with swollen endothelium of 
the capillaries. In contrast, the left half of the photo- 
micrograph shows the area B. B., not exposed to radia- 
tion 





taining 129 microcuries of radioactive phosphorus 
was applied for 120 hours (3,150 microcurie hours 
per square centimeter). On the 215th day after 
the onset of exposure the biopsy was taken. The 
histologic findings, described by Dr. Warren L 
Bostick, were as follows: 

“Gross Description: The section is a full-thick- 
ness skin specimen. The surface shows an atrophic 
thin epithelial layer. The papillae are entirely flat- 
tened. The section of the specimen not exposed to 
radiation reveals no abnormalities. 

“Microscopic: The section of the skin specimen 
from the irradiated area has an atrophic and des- 
quamating dyskeratotic surface which contains 
several superficial vesicles. The layers of the epi- 
dermis are indistinct, thinned, and poorly formed. 
The rete pegs are thin, shortened, and with poorly 
defined basal membranes. There is very extensive 
hydropic cellular degeneration. The superficial 
and interpapillary dermis shows extensive chronic 
inflammation and fragmentary degeneration of the 
reticulin and fine collagen fibrils. Swollen fibro- 
blasts and plump endothelial cells, with relative 
decrease in vascularity, are noted. This change 
extends to about one half of the depth of the sweat 
glands. No hair follicles or sebaceous glands are 
noted, but coils of sweat glands are present. They 
show no atrophy but slight surrounding fibrosis. 
The deepest level with evidence of remaining ab- 
normal reaction lies 2 mm. below the surface and is 
in the form of slight chronic perivascular inflamma- 
tion. Below this level there are no abnormal 
changes in the stromal fibrillary structure. 

“Summary: There is abundant evidence of 
chronic inflammation together with striking epi- 
thelial cellular abnormality and atrophy and with 
surface degeneration of the stromal fibrils.” 


The tissue changes in the late phase of 
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the reaction (Figs. 6 and 7) are detectable 
toa depth of 2 mm. with exposure to 3,150 
microcurie hours per square centimeter. 


ESTIMATION OF DOSAGE 

The curie is the generally accepted unit 
for radioactivity, and refers to 3.7 X 10” 
particle disintegration per second. The 
curie and its fractions, the millicurie 
(3.7 X 10’ particles/second) and _ the 
microcurie (3.7 X 104 particles second), 
do not provide information about the 
source of the radiation nor about the 
energy dissipated. The unit “roentgen,” 
on the other hand, gives information about 
the energy dissipated. 

L. D. Marinelli and P. Aebersold (6, 7) 
have calculated the energy dissipated by a 
given amount of radioactive phosphorus 
in equivalent roentgens. In twenty-four 
hours 1 microcurie dissipates approxi- 
mately 42.9 r (Marinelli) per gram of 
tissue. This calculation is based on the 
assumption that 1 microcurie of radio- 
active phosphorus is incorporated in | 
gram of tissue and that the energy dissi- 
pated is completely utilized within this 
unit mass of tissue. 

Calculation and measurement of the 
energy dissipated by surface application 
of radioactive phosphorus constitute an 
involved problem, and only an estimate of 
the dose in equivalent roentgens can be 
given at this time. When radioactive 
phosphorus is distributed over a surface, 
only one-half of the beta particles radiate 
toward the surface, while the other half 
radiate away from the surface. The num- 
ber of beta particles emitted in the first 
twenty-four hours from 1 microcurie of 
radioactive phosphorus is 3.26 X 10°. The 
number of beta particles acting on the skin 
from 1 microcurie of radioactive phos- 
phorus applied to the skin in the first 
twenty-four hours is: 


3.26 XK 10° K 1/2 = 1.6 X 10° 


Half-value layer measurements have 
shown that about 48 per cent of the radi- 
ation of radioactive phosphorus is absorbed 
in the first millimeter of water or tissue and 
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Fig. 6. B. N. H., male. Photomicrograph of the 
skin X c.16. Biopsy from irradiated and non- 
irradiated skin on the 215th day after beginning of 
exposure to 3,150 microcurie hours of P® per cm.* 
Clinically atrophic late phase after partially bullous, 
partially dry epidermite with marginal pigmentation 
and central depigmentation. The upper photomicro- 
graph (C.C.) shows thin, dyskeratotic epithelium. The 
papillae are entirely flattened. The dermis shows ex- 
tensive chronic inflammation. No hair follicles or se- 
baceous glands are visible; coils of sweat glands are 
present. Relative avascularity. In contrast the lower 
photomicrograph (D.D.) shows normal skin. 


that the absorption is practically expo- 
nential (8). When the surface area of 
distribution is 1 sq. cm. and the thickness 
of the tissue is 1 mm., the number of parti- 
cles necessary to deliver an energy equiv- 
alent to 1 roentgen in 0.1 gm. of tissue is 
7.46 X 10%. Consequently, the estimated 
number of roentgen equivalents dissipated 
in the first millimeter of tissue is 4.3 per 
hour per microcurie per square centimeter 
area. 
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Fig. 7. Details from sections indicated in Fig. 6as C.C.andD.D. xX 90 
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The upper 


half shows area C.C. The papillae are entirely flattened; the epidermis is desquamating 


and dyskeratotic, with an intradermal vesicle. 


The rete pegs are thin, the basal membrane 


poorly defined. Chronic inflammation and fragmentary degeneration of the reticulum 
and fine collagen fibrils are visible in the dermis. Endothelial cells are plump, with relative 
decrease of vascularity. No sweat glands or hair follicles are seen. In contrast, the lower 
half of the photomicrograph shows the area D.D., not exposed to radiation. 


Actual measurements made on a flat 
surface ionization chamber calibrated 
against a Failla extrapolation ionization 
chamber have shown that the surface dose 
from 1 microcurie per square centimeter of 
radioactive phosphorus is 5.05 r per hour 
(9). When only the first millimeter of 
tissue is considered, the estimated dose is 


4.3 rg.* Thus there is fairly good agree- 
ment between the dose measured on the 
surface and the dose estimated in the 
first millimeter of depth. Consequently, 
the threshold erythema dose is approxi- 
mately 143 rg (4.3 & 34); the dry scaly 


* Henceforth the symbol “‘rg’’ is used in this study 
for roentgen equivalent from beta rays 
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——- active phosphorus is similar to the effect 
= ‘ Exposures .~—S— Obtained from unfiltered radium plaques 
Size of ; Micro- Estimated or cathode rays. However, the thera- 
ie Blotting Micro- curie Dose inrg ae — ss f cathode rays and bet: 
Reaction Paper curie Hours © in First peutic utilization of cathode rays and beta 
Disk Hours per mm.layer radiation from radium has not gained gen- 
(cm.*) cm* ° 
A : — —__  eralacceptance. One of the reasons might 
‘ ——y ( : q ‘ ° ‘ 
wont 4.9 10s 4 143 be that neither of these sources provides 
thema . . rT. . 
Dry, scaly epi- pure beta radiation. The treatment with 
H "Hod ( 06 ( 79 ‘ 
Ee acagy a 9,600 1,900 7,200 cathode rays, moreover, necessitates elab- 
ulious, e "De 
epidermite 4.9 21,600 4,400 17,000 orate equipment. 
is iy steerneae- eile = The physical properties of radioactive 
epidermite dose is approximately 7,200 phosphorus, the ease with which it can be 


ty (4.3 X 1,900); and the bullous epider- 
molysis dose is approximately 17,000 rg 
43 X 4,400), when the exposure figures 
are corrected for decay of the P** during 
the exposure. 
DISCUSSION 

The studies reported here demonstrate 
that beta radiation from radioactive phos- 
phorus applied externally by means of 
blotting paper disks produces varying 
degrees of skin erythema, or damage, de- 
pending upon the amount of energy dissi- 
pated. This may be estimated in roentgen 
equivalents. The skin reaction appears to 
be monophasic; it gradually reaches a 
peak and subsides, leaving either pig- 
mentation or depigmentation, depending 
on the dose delivered. This finding is 
contrary to that described by Wilhelmy 
(10). According to Wilhelmy, exposure of 
the skin to low-kilovoltage x-rays or 
cathode rays is followed by a biphasic 
reaction, namely, early erythema, percep- 
tible within eight days after exposure, an 
interval during which no erythema is 
visible, and a main erythema reaction 
which occurs from three to four weeks after 
the exposure. In none of the cases studied 
following exposure to radioactive phos- 
phorus was a biphasic reaction observed. 
There is no reason to believe that the 
monophasic reaction is a peculiarity of the 
exposure to radioactive phosphorus beta 
particles, and no explanation can be offered 
for the different (7.e., biphasic) reaction 
observed by Wilhelmy. 

The biological effect of beta radiation on 
the skin from externally applied radio- 


applied by means of blotting paper pads, 
and the possibility of accurate determin- 
ation of the dosage suggest that radio- 
active phosphorus may be an ideal means 
for utilization of beta radiation for the 
local treatment of certain superficial skin 
diseases. 
SUMMARY 

1. Radioactive phosphorus applied to 
the skin produces erythema showing a 
characteristic monophasic course. The in- 
tensity of the erythema depends on the 
amount of exposure. 

2. The depth of discernible biological 
effect from externally applied radioactive 
phosphorus is approximately 5 mm. for 
erythema-producing doses. 

3. “Threshold erythema” was produced 
by an exposure to 34 microcurie hours per 
square centimeter. Dry, scaly epidermite 
was produced by an exposure to 2,000 
microcurie hours per square centimeter; 
and a bullous epidermite resulted from an 
exposure to 4,400 microcurie hours per 
square centimeter. 

4. Thin blotting paper is a suitable 
vehicle for skin application of radioactive 
phosphorus. 

5. The results of these studies suggest 
that the use of radioactive phosphorus in 
the local treatment of certain superficial 
skin diseases is reasonable. 
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The Bone Changes of Leukemia in Children’ 


BERNARD S. KALAYJIAN, M.D.,? PETER A. HERBUT, M.D.,* and LOWELL A. ERF, M.D.‘ 


EUKEMIC BONE changes are for many 
pone more common, more extensive, 
and more varied in children than in adults. 
In children leukemia is usually of the acute 
lymphatic type, while in adults the chronic 
types are more common (3). The marrow 
of all the bones is hyperactive in childhood, 
but only that of the sternum, ribs, and ver- 
tebrae at a later age, so that there is nu- 
merically more opportunity for leukemic 
infiltration of the bones and periosteum in 
children. The periosteum is less firmly 
attached to the shafts of long bones in 
early life so that it is more easily elevated 
and stimulated to new bone production. 
Bone metabolism is more active and more 
readily disturbed in the growing bones of 
children. The reserve blood-forming ca- 
pacity, beyond normal demands on the 
bone marrow, is comparatively less in 
children than in adults. This reduced 
“margin of safety’’ is said by Poynton and 
Lightwood (15) to account for some of the 
skeletal changes seen in children with 
leukemia. In attempting to meet the 
overload demands of the disease, the body 
tries to increase its blood-forming capacity 
by expansion of the bone marrow and sub- 
sequent atrophy and erosion of the cortex. 

Adults occasionally show leukemic bone 
changes. Craver and Copeland (5), in a 
radiographic study of 168 patients with 
leukemia, found 6 adults with demonstra- 
ble changes in the femur, sternum, humer- 
us, pelvis, skull, metacarpals, ulna, and 
vertebrae in that order of frequency. Both 
osteosclerotic and osteoclastic changes were 
observed, although the latter predomi- 
nated. Periosteal elevation and new bone 
formation were not seen. All the cases 
were of the leukopenic variety, and most 
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were lymphatic in type. A few others in 
the series showed autopsy evidence of 
leukemic infiltration in the bones not dem- 
onstrable roentgenologically. Leukemic 
bone changes in adults have also been re- 
ported by Wintrobe and Mitchell (22), 
Craver (4), Forkner (9), and others. 

We have found in the available liter- 
ature reports of 144 cases of leukemia in 
children with demonstrable bone changes: 
138 cases were of the lymphatic type, 5 of 
the myeloid type, and 1 of the monocytoid 
type. In over 50 per cent of the series, 
the disease was of the leukopenic variety. 
The changes were of various kinds and 
occurred either singly or in combination 
in any given roentgen examination. 

One of the most common bone changes 
in childhood leukemia is periosteal eleva- 
tion with new bone formation along the 
shafts of the long bones. This appears as 
a linear area of increased density parallel 
to the shaft but separated from it. The 
new bone may be smooth in outline and 
fairly uniform in density or it may be irreg- 
ular. It may extend the entire length of 
the shaft or over only a small segment, and 
may be on one side or may completely 
encase the shaft. Multiple layers of new 
bone parallel to each other and to the 
shaft are sometimes present. Poynton 
and Lightwood (15) believed that this 
represented a true splitting off of layers of 
the cortex, but others (6, 10, and 21) have 
shown it to be the result of leukemic infil- 
tration under the periosteum, elevating it 
and stimulating new bone production 
This new bone may be perpendicular to the 
shaft, as well as parallel with it, as noted 
by Karshner (11). Several bones are 
usually involved, and complete skeletal 
surveys should be made. Similar changes 
may be revealed at autopsy along the 
ribs, sternum, skull bones, and vertebrae, 
but they are usually demonstrable roent- 
genologically only along the long bones. 
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Fig. 1. Case 1. Original roentgenogram of legs, 
showing periosteal new bone formation, marrow ex- 
pansion, and some cortical destruction along the shaft 
of the left fibula. 


They have been described by Taylor (21), 
Karelitz (10), Karshner (11), Poynton and 
Lightwood (15), Smith (17), Erb, Snelling 
and Brown (7), Sutton and Bosworth (20), 
and others. 

Accompanying the periosteal changes, 
or appearing separately, is evidence of ex- 
pansion of the marrow cavity by leukemic 
infiltration. This results in erosion and 
thinning of the cortex with generalized 
bone demineralization. Pathological frac- 
tures have been reported. Radiographi- 
cally, this type of change may be localized 
to one part of a long bone or unevenly dis- 
tributed throughout the length of the 
shaft. There are areas of irregularly de- 
creased density and destruction. The cor- 
tex may be atrophic in many areas or it 
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may be apparently thickened due to ley. 
kemic infiltration. The density is usually 
reduced, and the trabecular markings ap. 
pear more prominent than normal because 
of absorption of some of the finer trabecy- 
lae. These latter changes are the ones 
more commonly observed in the skull and 
flat bones. 

Baty and Vogt (1) described transverse 
bands of decreased density across the 
growing ends of long bones in over 70) per 
cent of 60 children with leukemia who 
were studied radiographically. The change 
was due to leukemic infiltration in these 
areas of active bone metabolism and was 
likened by the authors to the Triimmerfeld- 
zone of scurvy. 

Osteosclerotic changes do occur in leu- 
kemia, as noted by Mendl and Sax! (13 
and others. They are, however, less com- 
mon in children, are late changes, and 
probably represent an attempt at healing 
of the earlier destructive changes or are the 
result of maturation of leukemic cells into 
osteoblasts. Bone cysts and tumors have 
been found associated with leukemia but 
are not common. 

None of the changes described can be 
said to be specific for leukemia, as syph- 
ilis, osteomyelitis, tuberculosis, typhoid 
fever, fractures, rickets, scurvy, neuro- 
blastoma, multiple myeloma, Ewing's tu- 
mor, lymphosarcoma, and other diseases 
may produce similar roentgen changes. 
The age of the patient, history, blood 
studies and other laboratory examinations, 
symptomatology, number of bones in- 
volved, bone marrow studies, and findings 
on bone biopsy will all aid in the final 
diagnosis. In many instances, however, 
in which the clinical evidence may be 
equivocal and indefinite, the peripheral 
blood studies normal, and the other labo- 
ratory evidence unconvincing, the roentgen 
picture will reveal sufficiently suggestive 
findings to stimulate bone marrow studies 
and biopsy to confirm the diagnosis. 
Neither the cause nor the cure for leuw- 
kemia is known at present, but the earlier 
the diagnosis is made, the more time there 
is for study and for therapeutic efforts 
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which will eventually result in discovery of 


a cure. 

We are here presenting the clinical, 
radiological, hematological, and patholog- 
ical findings in two cases of proved lym- 
phatic leukemia in children, to reiterate 
the need for more careful studies and cor- 
relation of effort for earlier diagnosis in 
this disease. 

Case 1: H.S., a 16-year-old white boy, began to 
have profuse nocturnal perspiration in December 
1944. Shortly thereafter, he complained of head- 


only positive laboratory findings were rapid sedi- 
mentation of red cells and 10 per cent lymphoblasts 
in a smear of the sternal marrow. The latter was 
deemed of no consequence in view of the normal 
peripheral blood findings. Slight enlargement of 
the inguinal lymph nodes and a “hemic’”’ apical 
systolic heart murmur without signs of cardiac en 
largement were the only significant physical find- 
ings. During a stay of four months in the hospital 
to which the patient was first admitted, he was 
given salicylates, sulfonamides, and penicillin in 
dosages to tolerance, without perceptible benefit. 
Several whole blood transfusions produced some 
temporary symptomatic improvement 


Fig. 2. Case 1. Cells of sternal marrow obtained by punc- 


ture. The majority of the cells are lymphoblasts. A. Edge of a 
megakaryocyte. B. Lymphoblast in mitosis. C. Normoblast 


D. Myelocyte 


ache and migratory pains in the bones, joints, and 
muscles of his extremities and jaw, and subsequently 
of weakness and anorexia as well as daily fever. 
The fever was intermittent, ranging from 99 to 103°, 
with afebrile periods as long as a week. Except for 
a transitory leukocytosis (12,000, with a normal 
differential count), the blood picture was normal. 
Radiographic studies of the chest, abdomen, teeth, 
sinuses, ulna, and mandible were reported as show 
ing no pathological changes. Studies had not been 
made of the legs at the original examination, al 
though the patient complained of severe pains 
“along the shin bones.” Urinalysis, blood chemis- 
try studies, multiple agglutination tests, Wasser- 
mann test, and blood cultures were all negative. The 


The date of admission to Jefferson Hospital was 
April 14, 1945. At that time the patient appeared 
pale, weak, listless and chronically ill but showed no 
petechiae or evidences of hemorrhage The heart 
findings were as noted above. The spleen and liver 
were not enlarged. A few “‘shotty’’ Ivmph nodes 
could be felt in each groin. There was tenderness to 
pressure over the bones and muscles of the legs. 
Peripheral blood studies on admission showed a 
moderate secondary anemia and a slight leukocyto 
sis (10,600) with an essentially normal differential 
count. Repeated white counts and differential 
counts in the first few days showed no significant 
variation from the admission studies 

Three davs after admission, roentgen studies of 
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Case :. 
fibula. 


Figs. 3 and 4 


the legs were made (Fig. 1). These showed definite 
periosteal elevation and new bone formation along 
the entire shaft of the left fibula. There were also 
some ‘“‘patchy’’ decrease in bone density and corti 
cal atrophy. Similar but less extensive changes were 
noted in the right fibula, but the tibia appeared un 
affected on either side. The obscurity of the clini 
cal picture and the absence of positive blood findings 
made the differential diagnosis rather difficult, but 
it was believed that leukemia in an aleukemic stage 
was a good possibility and the diagnosis was made 
on the basis of this film. 

On the following day, a sternal puncture was 
done. Smears of the material obtained (Fig. 2) 
showed the vast majority—81 per cent—of the 
white cells to be lymphoblasts of atypical shapes 
with extremely bizarre nuclei. The impression was 
aleukemic lymphatic leukemia. 

Additional roentgen studies of the extremities and 
other parts of the skeleton showed similar changes 
along the shafts of the radius, ulna, and humerus on 
each side (Figs. 3 and 4). The bones of the hands, 
skull, spine, ribs, and pelvis showed some osteopor 
osis and slight increase in prominence of the trabec 
ular markings but no periosteal elevation or new 
bone formation. 

Two weeks after admission a biopsy of the left 
fibula was performed. The findings were compat- 
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Later radiograph of forearms, showing changes similar to those in the 
Fig. + is a close-up of the radius and ulna shown in Fig. 3. 


ible with a diagnosis of lymphatic leukemia, but 
not specific for it. 

Although the peripheral blood findings remained 
fairly normal for some time, the clinical signs of 
lymphatic leukemia developed quite rapidly in the 
next five weeks. Two weeks after admission, the 
white blood cell count was 9,000, with 5 per cent 
lymphoblasts; on the day before death, the count 
had risen to 27,000, with 82 per cent lymphoblasts. 
The pain in the legs, arms, back, and jaws became 
very severe. The liver and spleen finally became 
enlarged, but the lymph nodes remained ‘“‘shotty.” 
No further signs of cardiac disease were elicited. 
Terminally, the patient bled from the gastro-intes- 
tinal and urinary tracts. Death occurred on June 9, 
1945. 

At necropsy, the skin over the entire body dis- 
closed numerous petechiae and several areas of 
ecchymosis measuring as much as 4 cm. in diameter; 
the mucous membrane of the mouth was covered 
with coagulated blood. The peripheral and deep 
lymph nodes were enlarged to as much as 2 cm. in 
diameter but were nevertheless well encapsulated, 
moderately firm, and on section diffusely gray. The 
spleen weighed 890 gm. It was firm and tense and 
on section presented a glistening, solid, beefy sur- 
face with complete loss of the normal follicular mark- 


ings but noinfarcts or tumors. The liver, weighing 
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BONE CHANGES OF LEUKEMIA IN CHILDREN 


Figs. 5 and 6. Case 1. To the left (Fig. 5) is a section of the left fibula. This section shows, 
from below upwards, the outer limits of the old bone, the perpendicular spicules of new bone, and 
a parallel layer of new bone peripherally. The periosteum has been removed. The infiltrating 
cells are largely of the lymphoid series. Hematoxylin and eosin. 37.5. 


To the right (Fig. 6) is a section of muscle. 


This section was taken from the muscle adjacent 


to the left fibula and shows diffuse infiltration with lymphoblasts. Hematoxylinandeosin. 400 


2240 gm., revealed accentuated lobular markings 
andnotumors. Each kidney weighed approximately 
670 gm. The capsules stripped easily, leaving dif- 
fusely pinkish gray surfaces studded with petechiae 
and irregular hemorrhages. Cut surfaces showed, 
in addition, a complete disappearance of the normal 
demarcations and hemorrhages into the pelves. In 
the mucosa and submucosa of the small intestine 
were numerous tumors measuring as much as 3 mm. 
in diameter. The superficial portions of many of 
these were ulcerated and covered with coagulated 
blood. Throughout the lungs there were hemor 
thagic areas measuring up to 1 cm. across. The 
periosteum of the left fibula was gray and broadened, 
measuring 2 mm. in thickness. It stripped without 
difficulty from the cortex of the bone, leaving a 
rather rough and porous surface. The cortex of the 
fibula was very dense and measured 6 mm. across, 
whereas the medullary cavity was filled with soft 
gray tissue and measured 3 mm. in diameter. Firm 
gray tissue not only completely replaced the sternal 
marrow but in some areas eroded the cortex and ad 
joining cartilages. The marrow of all the ribs and 
vertebrae was crowded with similar gray tissue in 
which the bony trabeculae were seen to be definitely 
decreased. 

Histologic sections of the left fibula obtained at 
biopsy and autopsy disclosed a complete replacement 
of the normal marrow with lymphocytic cells. These 
were relatively large and round, exhibiting scanty, 
almost imperceptible cytoplasm and round, evenly 


stained nuclei. In some areas there were in addition 
necrosis, hemorrhage, and early fibrosis. The bony 
trabeculae were plentiful and did not appear de- 
pleted. The cortex was composed of broad, dense 
bone whose interstices and haversian canals were 
completely filled with cells similar to those in the 
medulla. Beyond the original and still relatively 
normal cortex was a laver of leukemic infiltrate 
about 0.5 mm. thick in which there were regularly 
spaced, broad, perpendicular spicules of new bone 
(Fig. 5). These in turn were covered externally 
with a continuous wider laver of dense bone whose 
interstices and haversian canals, like those of the 
cortex, were filled with leukemic cells. The perios- 
teum was represented by strands of dense acellular 
fibrous tissue. Between it and the bone, and within 
the periosteum itself, were collections of lymphocytic 
cells often arranged parallel to the surface of the 
bone. The muscles and connective tissue adjacent 
to the periosteum were diffusely infiltrated with 
round cells that appeared slightly larger than those 
within the marrow cavity (Fig. 6). None of the 


lymphocytic cells showed mitosis. Sections of the 


sternum and ribs disclosed a similar process except 
that in the former the periosteum was widely sepa- 
rated from the underlying bone by the proliferating 
cells. In each there was new bone formation at the 
points where the periosteum was being separated 
from the old bone. Sections of the vertebrae dis- 
closed a complete replacement of the normal mar- 
row with lymphoblasts and occasional lymphocytes, 





BERNARD S. KALAYJIAN, PETER A. HERBUT, LOWELL A. ERF 


Fig. 7. Case 2. Original roentgenogram of the 
chest. Note the periosteal new bone formation along 
the humeral shafts. This is much more clearly shown 
on the original film than on this reproduction. 


absorption of the bony trabeculae, and deposition of 
hemosiderin, but no necrosis or fibrosis. 

Histologic other organs revealed 
changes typical of lymphoblastic leukemia. In all 
areas, most of the infiltrating cells were lympho- 
blasts, but there were always present a few mature 
lymphocytes. The normal architecture of the lymph 
nodes and spleen was completely replaced with these 
cells and there were similar foci in the skin, intes- 
tine, lungs, endocardium, pericardium, adrenals, 
and testes. In the liver, the portal radicles con 
tained solid aggregations of lymphoblasts, but be 
tween the liver cords there were also some lympho- 
cytes, neutrophils, and immature myeloid cells. In 
the kidneys, the infiltration occupied the interstitial 
tissue and compressed the remaining renal elements. 
In addition to the lymphocytic cells, there were 
scattered nuclear fragments and neutrophils. Mi 
tosis was seen only in the lymph nodes, and de 
posits of hemosiderin only in the spleen. There 
were no other contributory changes in any of the 
organs. 


sections of 


Case 2. E. A., a 4-year-old white girl, had fever, 
chills, and painful swelling of the joints in December 
1942. The fever was transitory, ranging to 103°. 
The joint pains migrated from the feet to the shoul 
ders, knees, and hands. Both fever and joint pains 
recurred every week to ten days. Symptomatic re 
lief was obtained with aspirin and soda every four 
hours, and the patient became afebrile temporarily. 
As the symptoms continued to recur, the child be 
came weaker, anemic, and lost weight. Five blood 
transfusions, together with iron and vitamin therapy, 
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produced only transitory improvement during the 
next three months. There was an occasional pur. 
| uric spot but no petechiae were seen. 

The child was admitted to Roper Hospital, 
Charleston, S. C., on Feb. 19, 1943. She appeared 
pale, listless, somewhat edematous, and chronically 
ill. There was marked atrophy of the musculature 
and one large purpuric spot was present on the right 
knee. There was generalized discrete lymph node 
enlargement. The chest was normal to physical 
examination. The abdomen was distended and the 
spleen enlarged and firm. There were some tender. 
ness of the left knee and swelling of the left foot, but 
otherwise the extremities were not remarkable. 

Blood studies on admission showed a moderate 
secondary anemia and a white cell count of 11,000, 
with 90 per cent lymphocytes. Repeated counts in 
the next month showed little change aside from a 
decrease in the number of white cells to 3,200 anda 
later increase to 7,800. At no time was the ad- 
mission figure exceeded. Immature large lympho- 
cytes and some lymphoblasts were observed at 
times. Sternal puncture on March 3, 1943, showed 
95 per cent primitive lymphoblasts, indicating 
lymphoblastic leukemia. Many agglutination tests, 
stool examinations, blood cultures, and other labor- 
atory tests were negative. A Wassermann test and 
urinalysis produced no positive findings. Biopsy of 
a cervical lymph node showed ‘‘changes consistent 
with lymphatic leukemia, though not entirely diag- 
nostic for it.”’ 

Radiographic study of the chest on April 3, 1943 
(Fig. 7), showed no pathological changes in the 
heart or lungs but demonstrated general bone demin- 
eralization and definite periosteal elevation and new 
bone formation along the humeral shafts. A diag- 
nosis of lymphatic leukemia or chloroma was sug- 
gested. 

The child did not respond to any therapeutic 
measures and on April 29, 1943, showed signs of 
pneumonia bilaterally, with temperature of 105°. 
A chest roentgenogram confirmed the clinical 
impression of widespread lobular pneumonia. It 
was impossible to make additional radiographic 
studies at that time. Death occurred on May 1, 
1943, and roentgenograms of the entire skeleton 
were made immediately postmortem. These showed 
generalized bone demineralization, expansion of the 
medullary cavities, cortical erosion, periosteal ele- 
vation, and new bone formation in layers along the 
long bones (Figs. 8-11). The bones of the skull, 
pelvis, vertebrae, and ribs showed osteoporosis and 
increased prominence of the trabeculae, but no sub- 
periosteal new bone. 

We are indebted to Drs. Lynch and Pratt-Thomas 
of the Medical College of the State of South Caro- 


lina for the gross autopsy diagnosis, the biopsy diag- 
nosis, and material for microscopic study in this 


case. 
Biopsy of a lymph node from the posterior cervir 
cal region was described as showing ‘‘diffuse lymph 
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Figs. 8 and 9. Case 2. Fig. 8. 


Postmortem roentgenogram of legs, showing 


periosteal new bone in layers along both tibiae and fibulae, as well as cortical osteo- 


porosis and marrow expansion. Fig. 9. 
details of bone changes. 


oid hyperplasia without serious disruption. This is 
consistent with, but not necessarily diagnostic of, 
lymphatic leukemia and not inconsistent with in 
The gross diagnosis at the 


fectious mononucleosis.”’ 
time of necropsy was ‘“‘acute lymphatic leukemia; 
splenomegaly; abdominal and _ retroperitoneal 
lymphadenopathy; hyperplasia of the lymphoid 
tissue of the intestine; hemorrhages in the viscera.” 

There were available to us for histologic study 
sections of the liver, spleen, kidneys, lymph nodes, 
pancreas, sternum, vertebrae, and fibulae. The dis- 
tribution of the lymphocytic cells in these sections 
was essentially similar to that described in Case 1, 
except that in none of the organs except the bones 
was the process as severe. Sections of the fibula dis 
closed a complete replacement of the marrow with 
loose myxomatous connective tissue in which were 
enmeshed lymphocytes and lymphoblasts. Mye- 
loid elements appeared completely absent and there 
was a definite depletion of the bony trabeculae. The 
cortex of the old bone was broad and dense and dis- 
closed within the haversian canals and interstices an 


Close-up of one section of Fig. 8, showing 


infiltration of tissue similar to that seen in the mar- 
row. Immediately beyond the confines of the old 
bone was a relatively broad band of leukemic infil- 
trate which was richer in lymphocytes and lympho 
blasts than was the marrow and which in its inner 
portion was almost entirely free of bone (Fig. 12). 
Its outer portion, however, contained many spicules 
of new bone deposited at right angles to the shaft. 
The centers of these were composed of mature bone, 
while the peripheral portions were covered with a 
rim of osteoid tissue and this in turn was surrounded 
by a thin laver of osteoblasts. Osteoclasts were not 
seen. The outer rim of the perpendicular spicules 
was in some areas covered with a broad band of 
dense bone deposited parallel to the shaft; in other 
areas, it was covered directly with a normal or 
thickened and cellular periosteum. Both the latter 
and the adjoining fascia and muscles were irregularly 
infiltrated with lymphoblasts and fewer lympho 
cytes. Sections of the sternum and vertebrae dis 
closed a complete replacement of the marrow by 
lymphoblasts, scattered lymphocytes, and many 
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Figs. 10 and 11. Case 2. 


to those in the legs are seen in the humerus, radius, and ulna on each side. 
show demineralization, cortical atrophy, and prominence of the trabecular markings. 


Postmortem roentgenogram of upper extremities. 
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Changes similar 
The bones of the hand 
Fig. 11. 


Close-up of radius and ulna in Fig. 10, showing details of bone changes 


megakaryocytic cells. Myelogenous elements, al- 
though still present, were inconspicuous. The bony 
trabeculae were decreased and there was no evidence 
of excessive new bone formation at the periphery. 
The periosteum, in close apposition to the bone, con- 
tained only a few foci of lymphocytic cells. 

The infiltrates in the remaining organs, as in the 
bones, consisted chiefly of lymphoblasts and a few 
In the liver, they were confined en 


lymphocytes. 
In the spleen, there 


tirely to the portal radicles, 
were irregular foci both around vessels and inde 
pendent of them, and in addition a more or less 
diffuse infiltration that varied in intensity. In the 
lymph nodes, there remained only a few recognizable 
follicles, the rest having been completely and dif 
fusely replaced with lymphoblasts and lymphocytes. 
Throughout, however, the sinusoids were prominent 
and were filled with reticulum cells, rounded phago 
cytes, plasma cells, erythrocytes, and lymphocytic 
cells. Infiltrations in the kidneys were confined to 
the interstitial tissue of the cortex and contained, in 


addition to the lymphoid cells, scattered plasma 
cells and reticulum cells. The renal parenchyma 
was not greatly compressed. There was no leukemic 
infiltration of the pancreas, and nowhere was extra- 
medullary hemopoiesis recognized. 


CLINICAL AND HEMATOLOGICAL DISCUSSION 


Clinically, it may be difficult to differ- 
entiate acute leukemia in children from 
some other diseases, as, for example, acute 


rheumatic fever. In the earlier stages, the 
symptomatology and physical findings may 
be closely similar. The patients often com- 
plain of indefinite migratory bone pains. 
It must be remembered that leukemic cells 
infiltrate all tissues, including bones and 
periosteum. In 1899, Pinkus (14) de- 
scribed leukemic infiltration between bone 
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and periosteum. Since periosteum has 
nerve fibers and nerve endings, leukemic 
infiltrations in and beneath it are usually 
associated with pain. This was first de- 
scribed by Strauch (19) in 1913. The pa- 
tients often state that the pain is “along 


the bones’’ rather than in or near the 


joints, although leukemic infiltrations and 
hemorrhages into the joints do occur and 


produce pain. 

If a child has persistent bone or joint 
pains which do not respond to adequate 
salicylate therapy, one should think of 
leukemia. Complete blood studies may 
confirm the diagnosis, but many of these 
patients have aleukemic, subleukemic, or 
leukopenic types of leukemia and one can- 
not depend entirely on the peripheral 
blood findings for the diagnosis. Too 
often the clinician may dismiss a diagnosis 
of leukemia when peripheral blood studies 
are normal, or nearly so, as in Case 1. It 
is at this point that further investigation, 
by roentgen studies of the bones and by 
sternal marrow puncture, is indicated. 
The aspiration of sternal marrow is quickly 
and safely carried out either in the office or 
home, with minimum discomfort to the 
patient. The results from the study of 
this material are usually accurate, and the 
true state of affairs may be quickly re- 
vealed by this method when masked by 
other findings. 

The marrow smears must be interpreted 
in connection with the clinical findings. 
“Bone pains’’ are likely to be due to leu- 
kemic infiltration of the periosteum, while 
“joint pains’’ are likely to be due to rheu- 
matic fever. Rarely the two diseases may 
occur simultaneously, as in the case cited 
by Ehrlich and Forer (6). 


PATHOLOGICAL DISCUSSION 

Pathologically, a definite diagnosis in 
Case 1 could not be made from a study of 
the biopsy of the left fibula. At that time, 
there were no leukemic cells in the periph 
eral blood, nor were the spleen, liver, and 
lymph nodes enlarged. Morphologically, 
therefore, the lesion was compatible with 
neuroblastoma, multiple myeloma of the 


Fig. 12. Case 2. Section of the fibula. 
This section shows, from below upwards, the 
outer limits of the old bone, a band of leu- 
kemic infiltrate, perpendicular spicules of new 
bone and periosteum i filtrated with lymphoid 
cells. Hematoxylin and eosin. 37.5 


lymphocytic type, Ewing’s tumor, lympho- 
sarcoma, and lymphatic leukemia. A 
diagnosis of neuroblastoma was dismissed 
on the grounds that the cells were a little 
smaller, contained less cytoplasm, and 
showed no rosette formation. Against 
multiple myeloma were the age of the 
patient and the absence of definite tumors 
in the bones and of Bence-Jones protein- 
uria though, of course, the morphology of 
the cells was compatible with such a 
lesion. Nor could a diagnosis of Ewing's 
tumor be eliminated. Although the cells 
in the marrow were somewhat smaller than 
those ordinarily seen in Ewing's tumor, it 
was thought that the disparity in size 
could be accounted for by shrinkage pro 
duced by the decalcifying agent. This ex 
planation was even more plausible when 
one compared these cells with those infil- 
trating the periosteum and attached mus 
cle, which were not decalcified. The latter 
were definitely larger and were very sim 
ilar to the cells seen in Ewing's tumor. 
Thus, although either lymphosarcoma or 
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lymphatic leukemia was the most probable 
diagnosis, lymphocytic multiple myeloma 
and Ewing’s tumor could not be ruled out. 
It was obvious, therefore, that since an 
unequivocal diagnosis could not be made 
on a morphological basis, the subsequent 
clinical and roentgenologic developments 
were of the utmost importance. 

The bone changes shown roentgenolog- 
ically are due to leukemic infiltration of 
the bone marrow, cortex, and periosteum, 
with elevation of the latter and new bone 
production as shown by the morphological 
findings. The perpendicular spicules of 
bone so clearly shown histologically could 
not be differentiated as such on the roent- 
gen films in these two cases, though they 
have been reported as noted above. The 
expansion of the bone marrow and cortical 
demineralization and destruction seen ra- 
diographically were not explained fully by 
the microscopic findings, although they 
must have been produced by the leukemic 
infiltration throughout the bone and mar- 
row cavity. 


RADIOLOGICAL DISCUSSION 


The changes noted in the long bones in 
Case 2 were quite typical for leukemia as 
described in the literature. A definite 
differential diagnosis could not have been 
made from the original roentgenogram of 
the legs in Case 1 except for the similarity 
of the changes noted to those previously 
seen in Case 2. The complete absence of 
evidence of leukemia in the peripheral 
blood picture at the time the roentgen 
diagnosis was made in Case 1 led the clin- 
icians to believe that such a diagnosis 
was probably incorrect, or at least very 
questionable. Sternal marrow _ studies 
aided materially in establishing the diag- 
nosis, which was made unequivocal by the 
development of typical clinical features, 
together with the autopsy results. 

We believe that the presence of intrac- 
table bone pain with absence of positive 
laboratory evidence of other diseases 
should more often instigate roentgen inves- 
tigation of the long bones in children. Not 
all will show leukemic changes, by any 
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means, even when leukemia is present, but 
the frequency of definitive changes will be 
considerably higher than in adults. If, by 
suggesting the possibility of leukemia on 
the basis of roentgen findings, this makes 
possible an earlier diagnosis, we have 
gained time for research which will even- 
tually result in discovery of a cure. It is 
our conviction, therefore, that it is better 
to make a diagnosis with a poor prognosis, 
even on relatively meager evidence and 
even though this be proved in error later, 
than to equivocate until the diagnosis be- 
comes obvious and the opportunity for 
possible benefit to the individual patient 
and all future patients is lost. 


SUMMARY 


The clinical, hematological, radiological, 
and pathological findings in two cases of 
lymphatic leukemia in children have been 
presented. In such cases clinical findings 
may be indefinite, suggesting rheumatic 
fever, infectious mononucleosis, multiple 
myeloma, typhoid or paratyphoid fever, 
brucellosis, and other diseases rather than 
leukemia. The peripheral blood picture 
may be misleading. The persistence of 
‘““‘bone pain”’ unrelieved by salicylate ther- 
apy calls for roentgen studies of the skele- 
ton. Roentgen evidence of bone changes 
in leukemia may be variable and non- 
specific, but signs of bone destruction, ex- 
pansion of the marrow cavity, atrophy of 
the cortex, demineralization, and periosteal 
elevation with new bone formation parallel 
to the shaft, particularly when present 
along extensive areas of several long 
bones, should suggest the possibility of 
leukemia. Evidence in smears of material 
from sternal marrow puncture indicative 
of leukemia will make the diagnosis quite 
certain in spite of negative peripheral 
blood stream findings. It is only by cor- 
relation of all our knowledge to establish 
earlier diagnosis that progress can be made 
in the study of this fatal disease with the 
hope of finding a cure. 


432 E. Hancock Ave. 


Detroit 1, Mich. 
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A Radiographic Chest Survey of Patients from 
the Dachau Concentration Camp’ 


ARNOLD D. PIATT, M.D.? 
Newark, Ohio 


N VIEW OF THE tremendous publicity 
I given the “horror’’ concentration camps 
of Germany, it was felt worth while to pre- 
sent an account of routine radiographic 
chest examinations made of patients ad- 
mitted to one of two evacuation hospitals 
functioning as station hospitals in the 
Dachau Camp. 

A brief explanation of the conditions, 
difficulties, and problems which were en- 
countered by the medical unit to which the 
writer was attached seems warranted. 
The first echelon entered the concentra- 
tion’ camp approximately ninety hours 
after the infantry units had taken over the 
A typhus epidemic was prevalent 
The interiors of 


area. 
at the time of arrival. 


buildings were shambles, with liberated 
displaced persons roaming around, looting, 


searching for food and for any of their 
Nazi captors. Approximately thirty-five 
thousand individuals were crowded into 
quarters designed to accommodate eight 
thousand. Small-arms fire could still be 
heard in certain areas of the camp. The 
filth and abominable conditions within the 
area of concentration have been amply de- 
scribed by others. The task of cleaning 
out vermin-infested barracks outside the 
central compound for hospital purposes 
was an enormous one, while the obtaining 
of sufficient beds, sundry equipment, and 
material was a serious problem. Patients 
were admitted, however, the day after 
the arrival of the unit in Dachau. In the 
meantime, the tempers of the prisoners in 
the central compound were on “‘trigger 
edge’ because of the delay in their release 
and the curtailment of dietary allowances 
due to their lowered tolerance to food. The 
hospital within the compound was con- 


1 Accepted for publication in December 1945. 


gested beyond description, and tribute 
must be paid to the prisoner physicians 
who, under overwhelming odds, accom- 
plished miracles in the face of inadequate 
facilities. 

Patients were taken to the Receiving 
and Evacuation Section of the hospital 
and were admitted and deloused. They 
were then taken to the adjoining X-ray 
Department, and a routine chest film was 
made. The patients were then moved to 
their respective wards. Most of the initial 
patients were in extremely poor physical 
condition and some were moribund. Those 
seen later were considerably better. 

Following is a statistical compilation of 
the x-ray findings in the initial roentgeno- 
grams of 2,267 patients. Language diffi- 
culties and lack of any reliable diagnosis, 
history, or physical examination made 
interpretation hazardous, and account for 
the large number of undiagnosed patho- 
logical processes. The obvious cases were 
reported as such. 

Statistical Analysis of 2,267 Chest Roentgenograms* 
Patients Per Cent 
1,028 
143 


Normal 
Minimal tuberculosis 
Moderately advanced tuber- 


0 


culosis 2 
Far-advanced tuberculosis 24 
Tuberculosis with pneumo- 

thorax 
Miliary tuberculosis 
Suspicious 
Pneumonia (proved) 

Undiagnosed pneumonic den- 

sity 
Peribronchial 

(pneumonitis) 
Unusual hilar thickening 
Hilar adenopathy 
Pleural effusion 


infiltration 


2 Formerly on active duty with the rank of Captain in the Medical Corps of the Army of the United States. 
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Pleural effusion with pneu- 
mothorax 
Pneumothorax 
Intrapulmonary calcium de- 
posit 
Fibrous strand 
Frank atelectasis 
Unclassified pulmonary le- 
sion 
Cancer (?) 
Pulmonary cyst (?) 
Lung abscess (?) 
Azygos lobe anomaly 
Marked pleural thickening 
Pleural adhesion 
Pleural calcification 
Eventration of the diaphragm 
Leafing of the diaphragm 
Fractured rib 
Foreign body 
Scoliosis of the thoracic spine 
Rib defect 
Thoracic cage deformity 
Subcutaneous emphysema 
Rib anomaly 
Enlarged or prominent heart 
Pulmonary hypervascularity 
Marked passive congestion 8 
Cardiac displacement or dis- 
tortion 30 = 
Dilatation of the aorta 36 1.! 
Aortic calcification 2 0 
Unsatisfactory film 6 0.26 
*NoTteE: Many of the patients had multiple 
lesions, accounting for the discrepancies of the per- 
centages and number of pathologic processes as com- 
pared with the total number of patients. 


Of the 626 definite cases of active tuber- 
culosis, 324, or 51.7 per cent, showed bi- 
lateral involvement. 

Of the 365 cases of undiagnosed pneu- 
monic densities and peribronchial infiltra- 
tions (pneumonitis), bilateral involvement 
was found in 61, or 17.0 per cent of the 
two groups. 


COMMENT 


Nearly all the nationalities of Europe 
are represented in this series of roentgen 
studies, with a predominance of Poles, 
Russians, French, Yugoslavs, and Czechs. 
There were 116 females, 2,143 males, and 
8 infants, the ages varying from a few 
weeks to 72 years. The average age was 
between 30 and 40. 

The fact that a typhus epidemic was 
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present tended to overshadow the entity 
of tuberculosis. Of the patients examined, 
626 (27.54 per cent) showed roent- 
genologic features of active pulmonary 
tuberculosis ranging from minimal to far- 
advanced invasion. An additional 51 
persons (2.2 per cent) had suspicious 
evidence of the disease. Twelve patients 
(0.52 per cent) of the 626 had a pneumo- 
thorax on one side and active tuberculosis 
on the other, while 5 cases (0.22 per cent) 
were of miliary distribution. Approxi- 
mately half of those with active lesions 
(51.7 per cent) showed bilateral involve- 
ment. 

The tuberculosis seen was of a ful- 
minating character, with relatively few 
cases of minimal involvement, as indi- 
cated by the small number of reported 
suspicious or minimal lesions. The great 
predominance of moderate and far-ad- 
vanced cases with bilateral involvement is 
evidence of the rapid progressiveness of the 
pathological process. At autopsies, the 
pulmonary tissues were found to be riddled 
with tuberculous lesions in every stage, 
from the early exudative phase to ex- 
tensive necrosis and cavitation. The 
fibrophthisical stage was rarely seen, due to 
the rapid development of the overwhelming 
disease. Unquestionably, the high inci- 
dence of tuberculosis was due chiefly to 
malnutrition supplemented by _ over- 
crowding. One can well appreciate, with 
an incidence as high as 27.54 per cent 
among hospitalized patients, how large 
must have been the number of those with 
active tuberculous lesions, unhospitalized 
and unexamined, who were released for 
return to their homes in spite of warnings 
as to the prevalence of the disease. 

There can be little doubt that a large 
number of the cases designated as “un- 
diagnosed pneumonic densities’’ and “‘peri- 
bronchial infiltrations (pneumonitis)’’ were 
of tuberculous etiology. The high per- 
centage of bilateral involvement in these 
two categories is an additional indication 
of the specificity of the lesion in view of the 
findings in the series definitely diagnosed 
as active tuberculosis. The differentia- 
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Figs. 1 and 2. 
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The rounded density seen in Fig. 1 contiguous with the cardiac shadow on the right was puzzling 


A roentgenogram of the dorsal spine (Fig. 2) solved the problem, showing a severe scoliosis, apparently of develop- 


mental character. 
concave side. 
tion between the undiagnosed pneumonic 
densities and peribronchial infiltrations 
(pneumonitis) was solely on a_ physical 
basis. Any consolidation or infiltration of 
bronchopneumonic character of any extent 
was placed in the former group, while 
any pathologic increase in the pulmonary 
peribronchial markings was included in 
the latter. A great number of the lesions 
in these two groups were basal in location 
and could well have been the so-called 
“basal” or “‘lower-lung-field’’ tuberculosis, 
which has lately received so much atten- 
tion. Two hundred and forty-six pa- 
tients (10.78 per cent) had pneumonic 
densities and 121 (5.5 per cent) displayed 
peribronchial infiltration; of the com- 
bined groups, 61 (17 per cent) had bilateral 
disease. In 2 instances (0.08 per cent) 
the pneumonic densities later proved clin- 
ically to be pneumonia. 

“Unusual hilar thickening’’ was the 
designation applied to a group of patho- 
logical findings which exaggerated, dis- 
torted, or completely erased the usual 


The integrity of the bodies of the vertebrae was well maintained except for flattening on the 
The intervertebral spaces were not appreciably narrowed 


butterfly appearance of the hilus. Sixty- 
five roentgenograms presented this pic- 
ture, making 2.8 per cent of the entire 
series. There were 20) patients (0.87 per 
cent) in whom hilar adenopathy could be 
clearly discerned radiographically. Though 
no definite causative factor could be ascer- 
tained at the time, one could feel reason- 
ably sure that tuberculosis contributed its 
share to these two categories. 

Pleural effusion of varying degree was 
demonstrated in 114 patients (4.97 per 
cent), 20 of whom (0.87 per cent of the 
entire series) had a concomitant pneumo- 
thorax. Since tuberculosis is one of the 
most common offenders in this pleural re- 
sponse, the incidence of that disease in our 
series must be notably higher than appears 
from the actual figures. 

Twenty-one roentgenograms (0.95 per 
cent) showed unilateral pneumothorax 
and no other demonstrable disease. In 
most instances the pneumothorax had been 
artificially induced for the treatment of 
tuberculosis, but the primary lesion could 
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not be demonstrated because of the col- 
lapse. The opposite lung in these cases 
was free from disease. 

Other significant pulmonary findings 
were: intrapulmonary calcium deposits in 
17 cases (0.74 per cent); fibrous strands 
in 15 (0.66 per cent); frank atelectasis 
with the classical roentgen features of this 
condition in 11 (0.47 per cent); unclassi- 
fied pulmonary lesions in 10 (0.44 per cent) ; 
suspected cancer in 3 (0.13 per cent). 
There was thought to be a pulmonary cyst 
in one patient and a lung abscess in an- 
other, each comprising 0.04 per cent of the 
entire number of cases. Only two azygos 
lobe anomalies were noted. 

Pleural lesions were common, with 
marked pleural thickening present in 28 
cases (1.2 per cent) and pleural adhesions 
in 23 (1.0 per cent). Calcifications of the 
pleura were observed 6 times (0.26 per 
cent). Eventration of the diaphragm was 
seen in 3 radiographs (0.13 per cent) and 
leafing of the diaphragm in one (0.04 per 
cent). 

An observation of interest was the num- 
ber of fractured ribs. Fifty-seven patients 
(2.5 per cent) had rib fractures, most of 
them multiple. All were recent and in 
various stages of healing. At first it was 
believed that these might be the re- 
sult of a general systemic decalcification 
following a starvation diet but, on ques- 
tioning, trauma was found to be the 
causative factor. Foreign bodies in the 
thoracic cage were discovered in 18 cases 
(0.79 per cent), chiefly metallic bullet 
fragments. Rib defects of a surgical na- 
ture were observed in 9 patients and 1 
patient had destruction of a rib apparently 
due to a malignant tumor, bringing the 
total to 10, or 0.44 per cent of the entire 
series. Marked scolioses of the thoracic 
spine (0.66 per cent) were seen, and one 
instance (0.04 per cent) of severe de- 
formity of the thoracolumbar spine and 
thoracic cage (Figs. 1 and 2). Two pa- 
tients (0.08 per cent) had unusual rib 
anomalies, and 2 had subcutaneous em- 
physema of the thoracic wall. 

An evaluation of the cardiac and aortic 
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Fig. 3. The large cavities and bronchopneumonic 
areas of tuberculous character are typical of the find- 
ings in the cases observed at the Dachau Concentration 
Camp. Asmall heart shadow, as shown here, was found 
in the majority of patients with tuberculosis. 


findings is difficult. The heart shadow 
was enlarged in the transverse diameter 
in 269 persons (11.8 per cent), as deter- 
mined by the cardiothoracic ratio. While 
the fact that this ratio shows a large per- 
centage of error was taken into considera- 
tion, nevertheless, any case showing a 
cardiothoracic index appreciably higher 
than average was placed in the enlarged 
or prominent heart category. Many of 
these patients showed concomitant hyper- 
vascularity in the hilar regions, a phe- 
nomenon which was discerned in 140 films 
(6.1 per cent). Intensive passive con- 
gestion involving the hili and the bases of 
both lungs was seen in 8 instances (0.35 per 
cent). A surprising number of prominent 
hearts were found in persons with moder- 
ately and far-advanced tuberculosis, al- 
though by far the larger number of cardiac 
shadows in tuberculous patients were quite 
small, an observation confirmed in numer- 
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Fig. 4. A prominent cardiac silhouette was noted 
in a considerable number of tuberculous patients, re- 
sembling the “‘beriberi heart.’’ Note the presence of 
advanced tuberculosis. 


It is to be won- 


ous autopsies (Fig. 3). 
dered if the prominent hearts, both in the 
non-tuberculous and tuberculous, may not 
have represented hypertrophy or transient 
dilatation due to an avitaminosis, as in 


beriberi. The configuration of a great 
number resembled the so-called ‘“‘beriberi”’ 
type of heart with both right and left ven- 
tricular preponderance (Fig. 4). Clinically. 
nowever, none of the neuropathic mani- 
festations of beriberi were present. 
Cardiac displacement or distortion was 
seen in 30 patients (1.3 per cent), due either 
to massive pleural effusion or fibrous band 
retraction of the mediastinal structures. 
Dilatation of the aorta was evident in 36 
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cases (1.5 per cent) and was designated as 
such when the measurements exceeded the 
upper limit of normal. To what extent 
hypertensive heart disease or syphilis 
played a part could not be ascertained 
Calcifications in the aorta were seen in 2 
roentgenograms (0.08 per cent); this small 
number can be attributed to the average 
age of the patients. 

Six roentgenograms (().26 per cent) were 
unsatisfactory and could not be repeated 
due to the shifting of patients among the 
wards and their transfer out of the unit 
hospital. 


SUMMARY 


1. A high percentage of active tuber- 
culosis (27.54 per cent) was demonstrated 
radiographically in 2,267 patients from 
the Dachau Concentration Camp. 

2. A large number of undiagnosed 
pneumonic densities, peribronchial infiltra- 
tions (pneumonitis), pleural effusions, and 
pneumothoraces were no doubt of tuber- 
culous etiology, increasing the incidence 
above that actually shown. 

3. Prominent hearts were observed ina 
considerable number of moderately and 
far-advanced cases of tuberculosis, and it 
is felt that avitaminosis may have played 
a large part as the causative agent. 

4. The incidence of tuberculosis in 
Europe will unquestionably be greatly 
increased in the next ten years due to the 
return from concentration camps of dis- 
placed persons with undiagnosed active 
disease, as well as a universally insufficient 
diet and overcrowding in large cities. 

Note: An expression of thanks and appreciation 
is hereby extended to Colonel Aubrey L. Bradford 
for his helpful suggestions and constructive criticism 
in the preparation of this paper. 


44 East Church St. 
Newark, Ohio 
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A New Roentgen Sign in Extrahepatic Biliary Tract Disease’ 
SAMUEL BROWN, M.D., F.A.C.R., and FOREST G. HARPER, M.D. 


Cincinnati, Ohio 


was called to a pressure defect fre- 
quently observed in the contour of the 
superior flexure of the duodenum due to 
diseases of the extrahepatic biliary tract. 
Since then, the value of this observation 
has been enhanced by the accurate diag- 


: PREVIOUS publications (1, 2), attention 


This roentgen sign depends basically 
upon the intimate anatomical relationship 
existing between the duodenum and the 
neighboring structures and their action 
upon one another. An analysis of the 
accompanying illustration from Spalte- 
holtz’s Anatomy will make the above state- 
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Drawing reproduced from Spilteholtz’s Anatomy, showing the intimate 
relationship between the duodenum and its neighboring structures—the gall- 
bladder, cystic, hepatic, and common ducts, liver, pancreas, and right kidney. 


nosis of many more cases which were not 
solved by the usual x-ray technic. The 
pressure defect has also proved useful in 
the differential diagnosis between obstruc- 
tive and non-obstructive jaundice, being 
present in the former but seldom in the 
latter. In view of the fact that it is 
generally recognized that the differentiation 
of obstructive from non-obstructive jaun- 
dice is often very difficult, in spite of all 
the known tests, the roentgen sign assumes 
an added importance. 


ment more intelligible. It is seen that 
the segment of the duodenum comprising 
the superior flexure is surrounded by the 
neck of the gallbladder on the right side, 
the cystic and hepatic ducts above, and 
the common duct on the left. These 
tubular structures resemble a clamp whose 
open ends are directed downward toward 
the head of the pancreas, forming an al- 
most closed ring which practically encir- 
cles the duodenum. It is, furthermore, 
reinforced by the solid structures of the 


‘Read by title at the Thirty-first Annual Meeting of the Radiological Society of North America, Chicago, II1., 


Nov. 9 10, 1945. 
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liver and the pancreas above and below. 

This ring-like tubular system is not a 
rigid structure but is more or less elastic 
and capable of some degree of expansion, 
depending upon the quantity of bile con- 
tained, which varies from time to time 
depending upon the physiological activity 
of the biliary system and the state of the 
sphincter of Oddi. When the ducts are in 
a state of dilatation, they undoubtedly 
exert some pressure upon the enclosed 
fixed duodenal segment. This may ex- 
plain the so-called spasm frequently ob- 
served in this region, preventing the ba- 
rium mixture from leaving the duodenal 
bulb. It is perhaps possible that the 
sphincter-like action of the biliary tubes 
upon the duodenum is physiological in 
nature and exercises some control over 
the rate of the passage of food. Be that 
as it. may, under pathological conditions, 
the dilated ducts exert pressure upon the 
duodenum, often resulting in dilatation of 
the duodenal bulb and at times causing 
partial obstruction. 

Duodenal changes which may occur as a 
result of pressure are seldom shown roent- 
genologically in the usual anterior view 
of the stomach, since the duodenum does 
not lie in the same plane. Its course is 
backward, downward, and then forward, 
describing a semicircle around the head of 
the pancreas. It is evident, therefore, that 
its true course and the exact location of its 
parts can be seen only in profile. The 
right lateral decubitus position has been 
found to be the most satisfactory in demon- 
strating the entire configuration of the 
duodenal loop. Most alterations in posi- 
tion, shape, and contour, as a result of 
intrinsic and extrinsic changes, are recog- 
nizable in this view. 

Several representative cases have been 
chosen from a large series illustrating vari- 
ous abnormal extrahepatic biliary tract 
conditions which may be recognized as a 
result of the pressure defect of the superior 
flexure of the duodenum upon examination 
in the right lateral decubitus position. 

Case 1: This case was chosen for the 
purpose of demonstrating the average 
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normal position of the stomach and duode- 
num and their relationship to the neigh- 
boring structures as shown in the anterior 
and right lateral decubitus position. The 
stomach and duodenum occupy a normal 
position (Fig. 1, A). To the right of the 
pylorus and duodenal bulb is a dense 
shadow due to a gallstone, indicating 
the position of the gallbladder. All these 
structures appear to be in the same plane, 
but from our knowledge of regional anat- 
omy we know that this is not true. An 
analysis of the right lateral view (Fig. 
1, B) shows that the stomach is located 
anteriorly in the abdominal cavity with 
the pylorus just behind it. The duodenal 
bulb is sitting on top of the pyloric sphinc- 
ter, and its continuation extends backward 
under the inferior surface of the liver. 
When it reaches the right kidney, it angu- 
lates downward; this descending portion, 
together with the ascending portion, forms 
a loop surrounding the head of the pan- 
creas. The gallstone, which represents 
the position of the gallbladder, lies deep in 
the abdomen and is adjacent to the bulb 
beneath the inferior surface of the liver. 
It will be evident that the right lateral 
view gives a more accurate conception of 
the exact location of the several structures 
than does the anterior view. 

Case 2: In a patient with a history of 
gallbladder disease the stomach and duo- 
denum occupy a normal position in the 
ventral view. The duodenal bulb is some- 
what compressed by a soft mass containing 
a large gallstone (Fig. 2, A). In the right 
lateral position the segment of the superior 
flexure of the duodenum is seen to be 
elongated and narrowed as a result of 
pressure by the gallstone (Fig. 2, B). 
Since the neck of the gallbladder is in 
relation to the duodenal angle, the stone 
evidently lies in the neck, causing obstruc- 
tion with dilatation of the gallbladder. 
This observation was confirmed by opera- 
tion. 

Case 3: 


The history in this case was 
strongly suggestive of gallbladder disease. 
The dye test failed to demonstrate the 
gallbladder and no dense shadows of stones 
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duodenum in normal position and of normal shape 


allbladder 


B. Lateral view. Note the anterior position of the stomach and the p 
The gallstone is between the inferior surface of the liver and duodenal bulb, in front of the spine 

Fig. 2. Case 2. A. Anterior view. The stomach occupies a normal position. The bulb shows a pressure 
defect due to an enlarged gallbladder with stone fi 

B. Lateral view. The superior flexure of the duodenum is narrow and elongated, due to pressure of the en 


larged gallbladder and stone 


Fig.1. Case l. A. Anterior view, showing stomach and 
and contour. A gallstone shadow indicates the position of the g 


posterior position of the duodenum 
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Anterior view, showing stomach and duodenum in normal position and of normal shape 


B. Lateral view, showing pressure defect in contour of the superior flexure of the duodenum due to a stone in 


the gallbladder not demonstrable by the Graham test 


Examination 
of the stomach and duodenum in the 
ventral position showed no abnormal 
changes in contour or position (Fig. 3, A). 
In the right lateral position, the duodenum 
showed a pressure defect at the superior 
flexure (Fig. 3, B). Since there was no 
jaundice, the pressure defect was assumed 
to ke due to dilatation of the neck of the 
gallbladder, probably as a result of a stone. 
This was confirmed by operation. 

Case 4: A woman of 75 had had her 
gallbladder removed because of stones 
twenty years previously. During the past 
few years she was often troubled with pain 
in the epigastrium. There was no jaun- 
dice. Several x-ray examinations were 
done without a definite diagnosis. Dur- 
ing the last examination, particular atten- 
tion was paid to the right lateral view. 
In the anterior position the pylorus and 
duodenum were slightly displaced to the 
right, which was assumed to be due to 


were seen on the plain view. 


adhesions (Fig. 4, A). In the right lateral 
position a pressure defect was noted at the 
superior angle of the duodenum (Fig. 4, B). 
This was interpreted as being due to a 
dilated common duct, notwithstanding 
the absence of jaundice. With this posi- 
tive finding the surgeons no longer hesi- 
tated to operate, and a dilated common 
duct was found, containing several stones. 

Case 5: This patient complained of pain 
in the epigastrium with intermittent jaun- 
dice suggestive of a stone in the common 
duct. The gallbladder could not be dem- 
onstrated by cholecystography. Exami- 
nation of the stomach and duodenum in the 
anterior position revealed nothing unusual 
(Fig. 5, A). In the right lateral position 
however, a constant pressure defect was 
observed in the region of the superior 
angle (Fig.5,B). A dilated common duct 
with stones was held responsible for the 
pressure defect, and this opinion was con- 
firmed by operation. 
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Fig. 4. Case 4. A. Anterior view. The stomach and duodenum are displaced to the right, apparently due 
to adhesions following a previous operation on the gallbladder 

B. Lateral view, showing pressure defect of the superior flexure due to a dilated common duct with stones 

Fig.5. Case5. A. Anterior view, showing stomach and duodenum in normal position and of normal shape 
and size, in a patient with intermittent jaundice 

B. Lateral view, showing pressure defect in contour of the superior duodenal flexure, due to a dilated common 
duct with stones. 
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Fig. 6. Case 6. <A. Anterior view. 
progressive painless jaundice. 
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The stomach and duodenum are displaced to the left, in a patient with 


B. Lateral view, demonstrating constant pressure defect of superior flexure due to dilatation of common duct 


as a result of a tumor and enlarged gallbladder 


Case 6: was troubled 


This patient 
with progressive painless jaundice strongly 
suggestive of a new growth in the common 


duct. In order to obtain more or less 
direct roentgen evidence of the disease, 
the stomach and duodenum were studied 
and were found to be normal except for 
slight displacement to the left (Fig. 6, A). 
In the right lateral position a constant 
pressure defect was observed at the supe- 
rior flexure of the duodenum, which indi- 
cated a dilated duct as a result of an 
obstruction, probably due to a new growth 
in the duct but not to a tumor of the head 
of the pancreas, since the duodenal loop 
was not enlarged (Fig. 6, B). The diagnosis 
of a new growth of the common duct and 
a dilated gallbladder was confirmed by 
operation. 

Case 7: A male patient had progressive 
painless jaundice of a moderate degree. 
The question of obstructive or non-ob- 
structive jaundice could not be determined 
by clinical tests. X-ray examination of 
the stomach and duodenum revealed noth 


ing abnormal in the anterior view (Fig. 7, 
A). In the right lateral view (Fig. 7, B) 
a constant pressure defect was seen in the 
region of the superior angle, indicating 
dilatation of the biliary ducts. Since the 
duodenal loop was not enlarged, a tumor of 
the head of the pancreas was excluded and 
a diagnosis of a tumor of the extrahepatic 
biliary ducts was made. The tumor origi- 
nated in the hepatic duct, as shown by 
operation and postmortem examination. 

Case 8: This patient showed a moderate 
degree of jaundice, the origin of which was 
uncertain. An anterior view of the stom- 
ach showed it to be in normal position and 
of normal size and shape (Fig. 8, A). In 
the right lateral position, elongation and 
narrowing of the superior flexure were 
observed (Fig. 8, B). This finding defi- 
nitely indicated that one of the adjacent 
structures was enlarged and was responsi- 
ble for the pressure defect. Operation 
disclosed a tumor originating from the 
cystic duct. There was a resultant dister- 
tion of the gallbladder. 





mber 1946 


It with 


mn duct 


rate 
was 
om- 











Fig.7. Case 7. A. Anterior view, showing stomach and duodenum in normal position, and of normal shape 
and contour, in a patient with a moderate degree of jaundice ” ile 

B. Lateral view, revealing a constant pressure defect in the region of the superior flexure, proved to be due 
a tumor of the hepatic duct and an enlarged gallbladder. . ia i 

Fig. 8. Case 8. A. Anterior view, showing normal position, shape, and contour of the stomach and duc 
denum in a patient with a moderate degree of jaundice. ss 

B. Lateral view. The elongation and narrowing of the superior flexure proved to be due to a tumor arising 
from the cystic duct and an enlarged gallbladder 
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Fig.9. Case 9. 
and contour, in a patient with slight jaundice. 
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A. Anterior view, showing stomach and duodenum in normal position, and normal in shape 


B. Lateral view, showing narrowing and elongation of the superior flexure due to pressure from a tumor originat- 


ing from the under surface of the liver. 


Case 9: 


This patient presented a slight 
degree of jaundice of undetermined origin. 
An anterior roentgenogram showed the 
stomach and duodenum in normal position 
and of normal shape and size (Fig. 9, A). 
In the right lateral position the superior 
flexure was found to be narrowed (Fig. 9), 


B). The diagnosis of a tumor in the vicin- 
ity of the duodenal angle was confirmei by 
operation. The tumor originated from the 
under surface of the liver and was proved 
to be of metastatic origin. 

Case 10: A patient who suffered from a 
severe degree of jaundice had a palpable 
mass in the region of the pylorus. X-ray 
examination showed displacement of the 
stomach and duodenum to the left (Fig. 
10, A). The mass was in front of the 
spine and displaced the barium meal from 
the pyloric end. In the right lateral 
position the duodenal loop was found to be 
moderately enlarged. The superior duo- 
denal flexure was narrow and elongated 


(Fig. 10, B). The diagnosis of enlarged 
gallbladder and a tumor of the head of the 
pancreas causing dilatation of the common 
duct was confirmed by operation. 

Case 11: An elderly woman presenting 
progressive jaundice had a rather large 
dilated stomach and duodenal bulb, with 
a stricture beyond, in the region of the 
superior angle, resulting in a partial ob- 
struction (Fig. 11, A). This case is one of 
the very few which showed the stricture in 
the anterior view. There was also a pres- 
sure defect in the region of the pylorus 
which corresponded to a mass palpable on 
abdominal examination. In the lateral 
view the bulb was seen to be moderately 
dilated and the stricture was again shown 
to be in the region of the superior duodenal 
flexure (Fig. 11, B). The diagnosis of a 
dilated duct, probably as a result of a 
tumor of the head of the pancreas, was 
confirmed by operation. 

Case 12: This patient presented a pal- 
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Fig. 10. Case 10. A. Anterior view, showing displacement of the stomach and duodenum to the left. The 


barium is displaced from the pylorus as a result of pressure from a palpable mass. The patient had progressive 


jaundice. 

B. Lateral view. The superior flexure is narrow and elongated, and the duodenal loop is enlarged. A diagnosis 
of pancreatic tumor with dilated common duct and enlarged gallbladder was confirmed at operation 

Fig. 11. Case 11. A. Anterior view. The stomach and duodenal bulb are moderately dilated. There is 
displacement of the barium from the pylorus as a result of pressure by a palpable mass. A pressure defect is seen 
at the superior flexure 

B. Lateral view, showing stricture at the superior flexure, delaying the passage of barium 
pancreatic tumor with dilatation of the common duct was confirmed at operation 


A diagnosis of 
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Anterior view, showing stomach and duodenum displaced to left. 


Lateral view, showing pressure defect at the superior angle, proved to be due to a tumor arising from the 
right lobe of the liver in the vicinity of the duodenal flexure. 


pable tumor in the right lumbar region. 


In the anterior view (Fig. 12, A) the stom- 
ach and duodenum were displaced to the 
left. In the right lateral view (Fig. 12, 
B) the stomach was neither displaced for- 
ward or backward, which excludes an 
enlarged liver or kidney but suggests a 
large gallbladder. The presence of a 
pressure defect at the superior flexure made 
this supposition stronger, but upon oper- 
ation a tumor of the right lobe of the liver, 
in the vicinity of the duodenum, was found 
to be responsible for the pressure defect. 
CONCLUSION 

The new roentgen sign in extrahepatic 
biliary tract disease is dependent upon the 
intimate anatomical relationship which 
exists between the duodenum and adjacent 
structures and their action upon one 
another. The neck of the gallbladder 
and the cystic and common ducts form a 
tubular ring which almost encircles the 
superior flexure of the duodenum whose 
freedom of mobility is limited by the 
liver above, the pancreas below, and the 


right kidney behind. When the tubular 
system is dilated because of an obstruction 
by a stone or a tumor within the ducts, or 
by an extrinsic mass in the vicinity of the 
duodenum, the superior flexure suffers 
compression. This pressure defect is de- 
monstrable roentgenologically only in the 
right lateral decubitus position, for the 
course of the proximal portion of the 
duodenum is from before backward. This 
sign has enabled us to diagnose diseases of 
the gallbladder, ducts, liver, and pancreas 
which could not be diagnosed by the usual 
x-ray method. It has also enabled us to 
differentiate between obstructive and non- 
obstructive jaundice, being present in the 
former, but absent in the latter. 


707 Race St. 
Cincinnati 2, Ohio 
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A Radiographic Study of Spondylolisthesis with Special 
Reference to Stability Determination’ 


MAJ. ISADORE MESCHAN, M.C., A.U.S. 


N A PAPER published elsewhere (1), an 
ceoved method for the detection of 
spondylolisthesis has been described, as 
well as a method of determining the de- 
gree of stability or instability of the slipped 
vertebral body. These methods are briefly 
reviewed here in the light of more extensive 
experience gained with additional cases 
subsequently seen. 

ANATOMICAL CONSIDERATIONS 

The term ‘“‘pars interarticularis’’ is a 
descriptive one, but has caused some con- 
fusion because it does not appear in most 
classical texts. It refers to the isthmus of 
bone lying between the superior and in- 
ferior articular processes. Actually, this 
segment is a portion of the lamina and sepa- 
rates the vertebral body, pedicles, superior 
articular processes, and transverse proc- 
esses on the one hand, from the inferior 
articular processes and spinous process on 
the other. This is illustrated in Figure 1, 
in which the pars interarticularis is indi- 
cated by wire on both the photograph of a 
lumbar vertebral body and on roentgeno- 
grams in the anteroposterior, lateral, and 
oblique positions. A superior-inferior view 
isalso shown, but this projection, of course, 
is not applicable clinically. The oblique 
projection has been found to be the most 
accurate, and will reveal a defect even 
when other views fail to do so. Oblique 
views of the lumbosacral spine are em- 
ployed routinely in all examinations of this 
region. A labeled diagram of a representa- 
tive oblique view of the lumbosacral 
spine is shown in Figure 2 with an ac- 
companying roentgenogram. 

The defects can also occasionally be seen 
on the anteroposterior projection; when 
bilateral, they can usually be detected in 
straight lateral views. 

Normally, the vertebral body is pre- 


‘ Accepted for publication in October 1945. 


vented from anteroposterior displacement 
by paraspinous ligaments, muscles, and 
the superior and inferior apophyseal joints. 
The superior joints prevent posterior dis- 
placement; the inferior prevent anterior 
displacement. If the function of the infe- 
rior intervertebral (apophyseal) joints is 
faulty, the other supporting structures 
may not be adequate to prevent anterior 
displacement of the vertebral body. Thus, 
in case of a bilateral defect in the pars in- 
terarticularis of a vertebra, the vertebral 
body becomes susceptible to anterior dis- 
placement. 

The mechanism of spondylolisthesis be- 
comes readily apparent when one considers 
that, in cases of bilateral defects of the 
pars interarticularis, the vertebral body is 
held securely superiorly but not inferiorly. 
With sufficient stress, the vertebral body 
will swing forward about the superior fixed 
points in the arc of a circle (Fig. 3), and the 
lower margin of the vertebral body will 
move through a greater space than the 
upper margin. With sufficient strain upon 
the capsule of the superior apophyseal 
joint, it will stretch and allow a small 
amount of anteroposterior motion and, in 
these rarer instances, the superior and in- 
ferior surfaces of the slipped vertebral body 
will move through equivalent spaces. The 
vertebral body may move forward without 
any movement of the separated neural 
arch; and it is a mistake to expect to pal- 
pate an indentation of the spinal column 
clinically, where the spondylolisthesis has 
occurred. A looseness of the neural arch 
may, however, be palpated. Actually, in 
many of the more advanced cases, the spi- 
nous process of the slipped vertebral body 
is more prominent than normal because it 
is no longer anchored inferiorly, and it may 
be displaced posteriorly just as the verte 
bral body moves anteriorly. 

As the result of these anatomical con- 


249 





ISADORE MESCHAN September 1946 


Inferior articular process 


Pars interarticularis 


Superior articular process 


Superior articular process 


Pars interarticularis 


Inferior articular process 


Superior articular process 


Pars interarticularis 


Inferior articular process 


Fig. 1. Photograph (A) of a lumbar vertebral body, with wire around the pars interarticularis and roentgeno- 
grams (B-F) of the same vertebral body, showing the projection of the parts interarticularis in the superior-inferior, 
anteroposterior, oblique, and lateral views. The two anteroposterior views indicate the position of the lumbar 


vertebrae as the result of the normal lumbar lordosis. 


siderations and this mechanism of spondy- 
lolisthesis, the posterior margin of the 
slipped vertebral body bears a definite re- 
lationship to the posterior margins of ad- 
joining vertebral bodies. It is this relation- 
ship which has been used to detect and 
measure spondylolisthesis quite accurately, 
as will be described in detail. 
The measurement of the degree of slip- 
ping has an important application. A 
slipped vertebral body may be relatively 


stable and not move about with changes in 
position of the spine; or it may be un- 
stable and slip forward considerably more 
in some positions than in others. Not only 
is weight-bearing to be considered in re- 
vealing instability, but also flexion and ex- 
tension of the spine. Additional views 
under these conditions may also reveal a 
latent spondylolisthesis and should be rou- 
tine in every case with defects of the pars 
interarticularis. We have not been able to 
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Defect in pars interarticuleris. — 


Fig. 2. Oblique roentgenogram and tracing of the 
lumbosacral spine. 


demonstrate a spondylolisthesis in cases 
without a bilateral defect in the pars inter- 
articularis. 


ETIOLOGY OF DEFECT IN THE PARS 
INTEP ARTICULARIS 
We have discussed the etiology of de- 
fects of the pars interarticularis at greater 
length e!sewhere (1). Here we need repeat 





being fixed, acts 
as a pivot 


No anchorage because 


of defect 


Point C moves little 


Point D moves through 
arc of circle D. 


Fig. 3. A diagram to illustrate the mechanism of 
spondylolisthesis. 


only that there is considerable evidence in 
favor of either of two theories: (1) that 
the condition may be the result of trauma 
at birth, very early in life, or even at a 
later age; (2) that the condition may be 
due to faulty ossification in the course of 
the development of the spine. In either 
case trauma may be superimposed, placing 
additional stress on the anterior paraspi- 
nous ligaments and muscles, and spondylo- 
listhesis may result or become aggravated. 
This is of special significance in the deter- 
mination of “‘line-of-duty’’ status of sol- 
diers disabled by this disease. 

In the presence of bilateral defects of the 
pars interarticularis, the added stress on 
the paraspinous ligaments not infrequently 
becomes manifest by localized lipping of 
the vertebral body in question. Evidence 
of arthritis of the apophyseal joint in this 
region is also occasionally found. 


METHOD OF EXAMINATION 


Our routine radiographic examination of 
the lumbosacral spine includes recumbent 
anteroposterior, lateral, and both oblique 
views. When defects of the pars inter- 
articularis are noted, additional lateral 
views are taken as follows: (1) with the 
patient standing erect (erect weight-bear- 
ing); (2) with the patient standing and 
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Fig. 4. 
normal alignment of the lumbosacral vertebrae. 


A. Lines intersecting at lower margin of L5. B. 
L5. D. 
F. Recumbent neutral projection. 


flexing the spine; (3) with the patient 
standing and extending the spine. 

The method of detecting spondylolisthe- 
sis is as follows. The lateral projections, 
as shown in Figures 4 and 5, are the ones 
employed. Here point A is the posterior 
inferior lip of the vertebral body above the 
one in question; point B is the posterior 
superior lip of the vertebral body below the 
one in question; C is the posterior lip of 
the superior surface of the involved verte- 
bral body; and D is the posterior inferior 
lip of the involved vertebral body. Films 
with sharp detail are necessary to make 
these points apparent with accuracy. 
Lines AB and CD are then drawn and ex- 


Lines parallel, 2 mm. apart. 
Lines intersecting at upper level of L5; angle 3°. i 
Lines intersect above L5, but angle is small, less than 3°. 
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Tracings of normal lumbosacral spines (lateral projections only) to demonstrate the various types of 


C. Lines intersecting below 
E. Lines superimposed, forming single straight line. 


tended until they intersect, if possible. Oc- 
casionally, they will be parallel, or AB will 
be superimposed on CD (Fig. 4). 

When these lines are drawn, various con- 


formations are produced. In the normal 
spine the configuration of the lines falls 
into the various categories shown in Figure 
4. When the lines intersect, they almost 
invariably do so at the level of, or below, 
the vertebral body in question. The angle 
thus formed is without definite significance. 
If the lines are parallel, they are 3 mm. or 
less apart. Very rarely, the lines will inter- 
sect above the vertebral body in question, 
but the angle will not exceed 2 degrees. 
The configuration of the lines in cases of 
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Fig. 5. 


is only 3°. B. 
ately severe spondylolisthesis. D. 
more than 3 mm. apart. 


spondylolisthesis (Fig. 5) is different from 
that of spines without a slipped vertebral 
body. Because of the mechanism of dis- 
placement previously described, the lines 
intersect above the vertebral body in ques- 
tion. Occasionally they are parallel, but 
in such instances they are more than 3 mm. 
apart. The angle formed is of definite 
significance, indicating the extent of for- 
ward slipping of the vertebral body. We 
have arbitrarily designated up to 10 de- 


Slight spondylolisthesis. 
Slight spondylolisthesis. 


Tracings from cases of spondylolisthesis to demonstrate types of lateral align- 
ment seen in this condition. 
A. Very slight spondylolisthesis. 


Lines intersect above L5, but the angle formed 


Lines intersect above L5. C. Moder- 
Lines parallel but 


grees of slipping as slight, 10 to 20 de- 
grees as moderate, and more than 20 de- 
grees as severe. On the few occasions that 
the lines are parallel, we have designated 
up to 1 cm. of slipping as slight, 1 to 2 cm. 
as moderate, more than 2 cm. as severe. 
METHOD FOR DETECTION OF INSTABILITY 
OF THE SLIPPED VERTEBRAL BODY 

We have considered a slipped vertebral 

body as being unstable if the degree of an- 
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Fig 6. 

A. Normal 
is small, less than 3°. B. Normal. 
mal. Weight-bearing flexion projection 
projection. 


terior displacement changes significantly 
in the various positions of the spine, as 
determined by comparison of the measure- 


ments on the various lateral films. The 
degree of stability or instability is indi- 
cated by the maximum change observed in 
the various positions. Usually (but not 
invariably) the closest approach to the nor- 
mal is in the flexed position, and the maxi- 
mum degree of displacement is in the 
extended position. 

When CD is parallel to AB in one of the 
views and forms an angle in the others, 
another method of measurement must be 
employed to make the comparison possible. 
In such instances, the perpendicular dis- 
tances from points C and D to line AB are 
measured and compared on the various 
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Tracings to show normal changes observed with weight-bearing positions. 
Recumbent neutral projection. 
Weight-bearing neutral projection. C. 
D. Normal 


Lines intersect above L5 but angle 
Nor- 
Weight-bearing extension 


views, provided the same target-film dis- 
tance is employed on all views (Fig. 6). 
This is not a frequent occurrence. 

With good films, these measurements can 
be considered accurate to 2 mm. or 2 de- 
grees; greater variations can be considered 
relatively significant of instability. 

STATISTICAL REVIEW 

From April 19, 1942, to March 10, 1944, 
the general hospital from which this report 
comes was situated in the rear echelon of 
one of the Army theaters overseas. The 
statistics regarding spondylolisthesis cases 
from April 10, 1942, to February 1944 
have been published elsewhere (1) and 
only brief reference will be made to these as 
compared with our present statistics. 
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TaBLE I: COMPARISON OF PRESENT SURVEY WITH 
‘ PREVIOUS SURVEY 


Present Study, 
Previous Study, 6 Months 
22 Months (Forward 
(Rear Echelon) Echelon) 
No. of lumbosacral 
spine examinations 
No. of defects of pars 
interarticularis.... 
No. of cases of spon- 
dylolisthesisor bor- 
derline spondylolis- 
OS eT re 
No. of cases studied 
withstability tests 18 (44% 
No. of unstable 


520 


41 (3.667) 34 (6.5% 


28 (82°;,) 


7 14 


cases... ° ° : 

Percentage instabil- 
ity in cases so 
studied 


Since April 26, 1944, the hospital has 
been functioning in a forward echelon in 
the same theater. The present survey 
concerns cases seen between that date and 
Oct. 26, 1944, an interval of six months 
as compared with a previous interval of 
twenty-two months. Such differences as 
are noted are attributed to the following 
factors: (1) Patients are now sent to us 
directly from the forward areas, whereas 
previously many were filtered out and re- 
turned to the United States before they 
reached our hospital. (2) We are now situ- 
ated in a tropical, humid climate, which we 
feel has an aggravating influence on certain 
types of back pain. (3) There are greater 
numbers of soldiers now in this theater ac- 
tively involved in physically strenuous ac- 
tivities. (4) Our special interest in this 
problem has been focused in this direction 
in the past eighteen months. (5) Stability 
studies in all cases with bilateral defects of 
the pars interarticularis are now routine, 
whereas they were employed only in the 
latter part of the previous survey (18 cases). 

On these bases, we believe that our later 
statistical review is more representative of 
the occurrence of spondylolisthesis in cases 
of low back pain in the Armed Forces, and 
we have therefore not consolidated the two 
series. 

In the six-month interval under consid- 
eration, the number of lumbosacral spine 
examinations done (520) is 46 per cent of 
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the previous total for twenty-two months 
(1151) (Table I). Whereas, in the previous 
survey, defects of the pars interarticularis 
were noted in 5 per cent of the studies, in 
the present series the incidence is 11.7 per 
cent, and the actual number exceeds the 
previous total. The number of cases of 
spondylolisthesis is proportionately greater 
in the more recent series; 6.5 per cent of 
the total are shown to have spondylolis- 
thesis (or borderline spondylolisthesis) as 
against a previous 3.6 per cent. Whereas 
previously only 44 per cent of the cases of 
spondylolisthesis had had stability studies, 
these have been made in 82 per cent of the 
present series. Such studies have also 
been made in patients without spondylo- 
listhesis, but with bilateral defects of the 
pars interarticularis. The incidence of in- 
stability discovered in the present series 
was 50 per cent, as compared to a previous 
oY per cent. 


rasLte II: Postrrion Or Derects OF THE Pars 
INTERARTICULARIS IN THE 55 PATIENTS (61 INVOLVED 
\V ERTEBRAE 


Ver Unilateral Bi Per- 
tebra Right Left lateral Totals centage 
Ld 9 2 34 45 7 
L I l 7 i) l 
L: 2 1 l 6 
L l 

L 


i 
ri2 , 1 


4 
1 
l 
l 


Total no. of 
vertebrae 
involved... 13. 6 $2(69°%) 61 100.0 

cneinnet 

19(31%) 

Total no. of 

patients in- 

volved. . 7*(31%) 40*(69%)  55*(100%) 


* Two patients had a unilateral and a bilateral defect 
in separate vertebrae. Two patients had two separate 
unilateral defects. Two patients had two vertebrae 
involved, with bilateral defects. 


Table II shows which vertebrae were in- 
volved and in what percentage of cases. 
The most frequent sites of involvement 
were the fifth lumbar, in 73.7 per cent of 
the cases, and the fourth lumbar, in 14.7 
per cent. The upper vertebral bodies were 
involved relatively infrequently. Bilateral 
defects were over twice as frequent (69 
per cent) as unilateral ones. The number 
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SPONDYLOLISTHESIS IN 
PARS INTERARTICULARIS 


TABLE III: PRESENCE OF 


Unilateral 7 
Defects 
Only 


Per- 
centage 


Bilateral 
Defects 


Spondylolisthesis 

present oe 26 62 
No spondylolisthe- 

sis ¢ 8* 19 
Borderline spondy- 

lolisthesis da 8 19 
Total no. of verte- 

brae involved 19 42 
Total no. of patients 

40t 


involved 17 

* Three of these patients had other evidence indicat- 
ing a strain on paraspinous ligaments. 

t Two patients had two vertebrae with bilateral de- 
fects. One had spondylolisthesis of both vertebrae; 
the other had no spondylolisthesis. Two patients had 
unilateral and bilateral defects. 


of vertebrae involved exceeded the number 
of patients, because in two instances the 
patient had both a unilateral and a bilat- 
eral. defect, in separate vertebrae; two 
patients had two separate unilateral de- 
fects; and two patients had bilateral de- 
fects in two vertebrae. (The films on one 
of the latter are shown in Figure 10.) 

An analysis of the 42 vertebrae (40 pa- 
tients) with bilateral defects (Table III) 
shows definite spondylolisthesis in 62 per 
cent; 19 per cent were borderline cases, 
and in 19 per cent there was no spondylo- 
listhesis. 


DEGREE OF STABILITY OF VERTEBRAE 


WITH BILATERAL DEFECTS 


TAALE IV: 


Presence 
of Spon —-Unstable— 
dylolisthe- Moder- 
sis Slight ate 


Tests 
Not 
Done 


Stable Totals 


Present gy 12 2 
Not pres- 

ent 6 
Borderline 5 


Totals 20 (51%) 14 (380%) 8 (19%) 
Present plus 
borderline 14 14 6 34 
Percentage of 
28 cases 
(cases stud- 
ied with 
stability 
testsonly) 50°; 





42 (100%) 


50° 100% 


* One patient with two vertebrae involved. 


None of the 19 vertebrae with unilateral 
defects only showed slipping of the verte- 
bral body. Three of the 8 patients with- 
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TABLE V: ANALYSIS OF UNSTABLE SLIPPED VERTEBRA 
BoDIES 


Re- 
cum- 
bent 
Mea- 
sure- 
ments 


3- 9 ~ 
9-19 4 
20-30 ° 


Maximum Degree of Insta- 
bility in Various Positions 
5-9 9-14° 14-19 


Totals centage 


1(7%) 1(7%) 


14 





Totals 12 (86°;) 


out spondylolisthesis (but with bilateral de- 
fects) had localized lipping of the involved 
vertebral body to indicate that there was a 
strain on the paravertebral ligaments in 
that region. 

An analysis of the stability of the verte- 
bral bodies with bilateral defects (Table 
IV) revealed that 51 per cent were stable 
and 30 per cent unstable; in 19 per cent, 
stability tests were not carried out. Con- 
sidering only the 28 cases of borderline and 
definite spondylolisthesis in which stability 
studies were done, an equal number were 
stable and unstable. In only one patient 
(with two vertebrae involved) without spon- 
dylolisthesis were stability tests not done. 

Of the 14 unstable cases, 12 were only 
slightly unstable (less than 10-degree 
change), and two were moderately un- 
stable (10- to 20-degree change). There 
were 9 patients with definite spondylolis- 
thesis and 5 with borderline spondylolis- 
thesis whose slipped vertebral bodies were 
stable. 

TABLE VI: CHANGE OF CLASSIFICATION OF UNSTABLE 


CASES OF SPONDYLOLISTHESIS WHEN WEIGHT-BEARING 
STUDIES WERE DONE 


Slight changed to moderate 
Slight changed to severe... . 
Moderate changed to severe. 
Borderline changed to slight. . . 
No change 


An analysis of the 14 cases with unstable 
vertebral bodies shows (Table V) 8 cases 
of slight and 4 cases of moderate spon- 
dylolisthesis with a variation of 5 to 9 de- 
grees in the various positions; in one case 
of severe spondylolisthesis there was 4 
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Fig. 7. A and B. Tracings to show the maximum variation of alignment of the lumbosacral region in 
borderline spondylolisthesis. A. Weight-bearing extension. B. Weight-bearing flexion. Very slight mobility 
of L5. Alignment of vertebral bodies normal in this position. 

Cand D. Tracings to show the configuration of the lines indicating the alignment of the lumbosacral region 
in a case of moderate spondylolisthesis which is slightly unstable. C. Weight-bearing extension. D. 
Weight-bearing flexion. 

E,F,and G. Tracings to demonstrate how measurements in the various positions can be compared when a 


change from the angular to parallel occurs in a given case. The inferior relationship in this case remained the 
same, but there was a change of 2 mm. in the superior relationship. This type of change is relatively uncommon 
and we consider a 2 mm. change as within the limits of normal. E. Weight-bearing neutral. Lines change to 
parallel because D remains stable while C moves 2 mm. forward with respect to line AB. F. Weight-bearing 
extension. Distance between C and line AB, 5 mm. Distance between D and line AB,7 mm. G. Weight- 
bearing flexion. Perpendicular distances of points C and D from Line AB are 5 mm. and 7 mm., respectively. 


variation of 11 degrees; and one vertebral It is of interest to note that the classifi- 
body with slight spondylolisthesis in the cation of some of the cases of spondylolis- 
recumbent position increased its degree of thesis changed when weight-bearing tests 
slipping 14 to 16 degrees in the weight- were made (Table VI). Fifty-seven per 
bearing positions. cent (8 cases) did not change their cate- 
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bearing neutral. c. 


gory; 21.4 per cent (3 cases) changed from 
slight to moderate; 7 per cent (1 case) 
changed from slight to severe; 7 per cent 
(1 case) changed from moderate to severe; 
1 case changed from borderline to slight. 


GENERAL POINTS OF INTEREST 


An accurate correlation of our observa- 
tions with the clinical status of these pa- 
tients is being carried out at the present 





Roentgenograms of a normal spine in various positions. a. 
Weight-bearing extension. d. 


Recumbent neutral. b. Weight- 


Weight-bearing flexion. 


time in collaboration with the orthopedic 


section. It should be stated, however, that 
4 of our cases were discovered acciden- 
tally in the course of other radiographic 
examinations, in patients with no com- 
plaints referable to the back. One of these 
had instability of 16 degrees, and another 
instability of 6 degrees. In the third case 
there was a spondylolisthesis of 10 to 12 
degrees but the vertebral body was stable 
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EIGHT 
PERKIN > 
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Fig. 9. Roentgenograms from a case of moderate spondylolisthesis to illustrate the maximum change which oc 
curred in this case. a. Weight-bearing extension. 6. Recumbent neutral 


in the various positions. In the fourth, sta- 
bility tests were not done. 

Four patients showed evidence of re- 
mote or recent fractures in the spine; one 
had a narrowed interspace between the 
fourth and fifth lumbar vertebrae, most 
likely due to an associated degenerated 
disk; and 2 patients gave a history of se- 
vere trauma to the back shortly before ad- 
mission to the hospital. 

In 3 cases there was localized lipping, 
either anteriorly or posteriorly, of the in- 
volved vertebral body, indicating that 
there was a severe strain upon the para- 
spinous ligaments. 

One patient had definite roentgeno- 
graphic evidence of arthritis of the apoph- 
yseal joint in the vicinity of the defect 
in the pars interarticularis, and another 
had evidence of sclerosis around the defect. 

DISCUSSION OF STATISTICS 

It is interesting to compare our inci- 
dence of 11.7 per cent of defects of the pars 
interarticularis with the 5.0 per cent which 
Willis (2) found in 1,520 adult skeletons. 
The difference in the two studies is statis- 
tically significant, which is a statistical 
indication that pars interarticularis defects 


are more frequently found associated with 
back pain than in the population at large’. 
It is well recognized that not all cases even 
of severe spondylolisthesis are sympto- 
matic. In some cases symptoms are ag- 
gravated by an element of psychoneurosis. 
Nevertheless, the high incidence of spon- 
dylolisthesis among patients with low back 
pain in the Army is noteworthy. 

One-half of the slipped vertebral bodies 
were shown to move significantly when the 
patient’s position was changed. We are 
not prepared as yet to correlate the matter 
of instability with signs and symptoms. 
Two of our unstable cases were asympto- 
matic, being discovered accidentally in the 
course of other examinations. Other pa- 
tients with stable slipped vertebral bodies 
complained bitterly of pain and limitation 
of motion. The problem is especially comi- 
plex in the Army, where symptoms are un- 
doubtedly exaggerated by certain patients 
or are colored with a strong functional ele- 
ment. Nevertheless, the examination for 
stability of a slipped vertebral body has 


2 The standard deviation is computed to be 1.62, 
whereas the difference between the two percentages is 
6.7, which is approximately four times the standard de 
viation. A difference of more than three times the 
standard deviation is considered statistically significant 





ISADORE MESCHAN 


AEC MEERT 


WE sTAAL 


Fig. 10, a-d 
lumbar vertebrae 
fifth lumbar vertebra 
Weight-bearing neutral 


See also Fig 
Instability of L5. 


already proved its value in giving us a 
greater understanding of the pathological 
and physiological changes which occur with 
spond ylolisthesis. 

Approximately three-fifths of patients 
with bilateral defects of the pars interar- 
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Tracings and roentgenograms from a case of spondylolisthesis of both the fourth and fifth 
The fourth lumbar is shown to be stable, whereas there is an instability of 11 

10, e-h, from same case. 

Stability of L4. 


of the 


a and 6. Recumbent neutral. c and d. 


spond ylolisthesis, 
one-fifth had borderline spondylolisthesis, 
and the remaining one-fifth had no spon- 


ticularis had definite 


dylolisthesis. Even without actual spon- 
dylolisthesis, other changes in the verte- 
bral structures must be sought to indicate 
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Fig. 10, e-4. Same case as Fig. 10, a-d. eand f. 


tive stability of L4. g and h. Weight-bearing flexion. 


whether or not there is an added strain on 
the paraspinous ligamentous structures 
and the joint capsule of the intervertebral 
joints. We regard such localized changes 
as lipping, sclerosis around the defect, and 
changes in the apophyseal joints as very 
significant. 

Most of the unstable cases are only 
slightly unstable; severe instability is a 
rare finding. One cannot assume, however, 
without study, that a slight spondylolisthe- 


Weight-bearing extension. Instability of L5. Rela 


sis will not become severe with weight- 
bearing. 


SUMMARY 


1. An improved method of detection 

and measurement of spondylolisthesis is de- 
scribed. 
2. This method has been employed to 
measure the degree of anteroposterior 
movement of the slipped vertebral body 
under various conditions of stress. 
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3. The mechanism of spondylolisthe- 
sis is analyzed, and the limits of normal and 
abnormal are diagrammatically shown. 

4. The high incidence of defects of the 
pars interarticularis and of spondylolisthe- 
sis in Army patients is emphasized. Ap- 
proximately three-fifths of patients with 
bilateral defects of the pars interarticu- 
laris have definite spondylolisthesis, one- 
fifth have borderline spondylolisthesis, and 
the remaining one-fifth have no spondylo- 
One-half of the slipped vertebral 
been shown to be unstable 


listhesis. 
bodies have 
under conditions of stress. 

5. Even in the absence of instability, 
there are other indications of strain upon 
adjoining supporting structures, such as 
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localized lipping, sclerosis, and apophysea| 
joint changes. 

6. The etiology of defects in the pars 
interarticularis is not definitely known, anq 
although developmental deficiency may 
play an important part, trauma and 
stresses and strains are also of probable 
significance. 

University Hospitals 
Cleveland, Ohio 
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Energy Absorption and Integral Dose in 
X-Ray and Radium Therapy: A Review' 


C. W. WILSON, M.Sc., Ph.D., F.Inst.P. 
Physics Department, Westminster Hospital, London, $.W.1, England 


N LATTER YEARS conceptions of x-ray 
aa gamma-ray dosage have been con- 
siderably extended in order to take account 
of the total energy absorbed throughout ir- 
radiated tissues (11, 12, 14, 15, 19, 20, 21). 
The roentgen is essentially a measure of en- 
ergy absorption in a given mass of air, and 
previous investigations had been con- 
cerned almost entirely with an attempt to 
measure at each point in the tissues the 
energy absorbed near that point, the points 
considered being most often within the 
tumour itself. In most methods of radia- 
tion therapy, however, particularly in 
those methods which utilise multiple radia- 
tion beams or large radium surface appli- 
cators, much radiation is absorbed by the 
patient which contributes not to the de- 
struction of the tumour itself, but possibly 
to that of normal tissues of the body. In 
this respect, it is a familiar fact that the 
severe constitutional effects of an intensive 
course of radiation often form an effective 
bar to higher tumour dosage, and the in- 
crease in the degree of these effects with 
the volume of irradiated tissue is also well 
known’ (4, 26). In considering these ef- 
fects from the physical point of view, one is 
presumably concerned with the total en- 
ergy absorbed by the body throughout the 
whole irradiated volume (the integral or 
volume dose). 

The physical problems of protection of 
staff and patients also seem to be inti- 
mately related to the integral dose, since it 
seems reasonable to suppose that the blood 
changes and general effects would depend 
on the total energy absorbed in the body as 
a whole and not on the dosage at a par- 
ticular point (20). 

With the recognition of the possible im- 


: Received for publication in December 1945 
* The actual site irradiated is also a factor, which we 


shall not consider at this moment. 


portance of integral dose and the develop- 
ment of a suitable unit for its measurement, 
considerable work has been done in two 
main directions which converge toward a 
common goal. On the one hand, much 
attention has been given to methods suit- 
able for assessing integral dose in the 
variety of circumstances that arise in 
practice and to the chief factors which 
control integral dose. On the other hand, 
attempts have been made to correlate 
integral dose with such clinical and _ bio- 
logical observations of radiation effects as 
would be expected to bear some relation 
to it. In what follows we shall attempt to 
give a brief account of this work and to 
draw some conclusions regarding the pres- 
ent position and value of integral dose 
and its related conceptions. 


ROENTGEN AND ENERGY ABSORPTION IN AIR 
AND OTHER MEDIA (14, 20) 


As already stated, the roentgen is essen- 
tially a measure of energy absorption in 
air, the factor of proportionality being de- 
pendent upon the energy required to pro- 


duce one ion pair. There is good evidence 
(8) that this quantity is approximately 33 
electron-volts, whence it may be shown 
(20) that a dose of one roentgen corre- 
sponds approximately to the absorption of 
85 ergs per gram of air. This quantity, 
which will be considered a great deal in 
what follows, may be referred to as a gram- 
roentgen (20). 

The fraction of the energy incident upon 
a material which is converted into kinetic 
energy of electrons ({)) is (¢, + 1r), where 
o, is the true absorption coefficient (recoil 
electrons) and 7 is the photo-electric ab- 
sorption coefficient. Taking account of 
the magnitudes of these coefficients over a 
range of wave lengths covering those used 
in therapy, it can be shown (20) that, in 
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general, ‘‘soft tissues’ and “‘air’’ are similar 
to each other, so that energy conversion in 
air is an approximate measure of the energy 
absorption in soft tissues provided there is 
electronic equilibrium. 

Owing to the greater electron density, 
the energy conversion per unit mass for 
short wave lengths will be approximately 
10 per cent greater in water or soft tis- 
sues than in air, but for longer wave 
lengths, where + is the most important fac- 
tor, the lower effective atomic number of 
water than of air approximately compen- 
sates and the real absorption in water 
would seem to be the same as in air. 


FLUX (INTENSITY) AND DOSAGE 


RATE (16, 17, 20, 21) 

It has been shown by Mayneord (20, 21) 
that if a parallel beam of radiation of in- 
tensity J (ergs/cm.? sec.) is incident upon 
an elemental mass of air, the dosage-rate D, 
in roentgens per second is given by: 

_ I(o, + r)N 
eee 85 


ENERGY 


D r/sec. (i) 
where ¢, and + are the absorption coef- 
ficients for air and N is the number of elec- 
trons per unit mass of material. The 
factor 85 was derived in the previous 
section. 

Alternatively, if D is the total dose re- 
corded when a total energy £» flows per 
unit area in a time ¢ seconds: 

Eo(og +7)N 


roentgens (ii) 
SO 


D= 


Using this relation, Mayneord (20), 21) 
has calculated the dependence upon wave 
length of the total flow of energy per square 


centimeter per roentgen measured. His 
results are shown in Figure 1. 

Similar results, expressed in a somewhat 
different form and covering another wave 
length range, had previously been obtained 
by Lauritsen (16, 17). 

It is seen that the total energy flow per 
roentgen is of the order of 3,000 ergs/cm.? 
in the short wave-length region but falls 
to very low values for long wave lengths. 
For a very extensive medium, which ab- 
sorbs all the energy, this energy flow 
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would, of course, be the total energy ap. 
sorbed per roentgen, and the variation of 
this quantity with wave length is of cop. 
siderable importance. 

When the measurement of dose is made 
with back-scatter, the analysis is more 
complex (16, 17, 20) and difficult to make 
precisely, but the results obtained by May. 
neord (broken line of Fig. 1) are a good 
approximation. 

In later experimental work Mayneord 
and Clarkson (22) showed that in general, 
for whole body irradiation, the energy ab- 
sorbed per roentgen on the surface does 
vary in the way predicted by this theory, a 
result of undoubted importance to protec- 
tion problems. 


TOTAL ENERGY ABSORPTION 
(13, 15, 19, 20, 21) 


If an absorbing mass (tissue or tissue 
equivalent) is irradiated, then we may 
make distribution measurements (as is 
commonly done) throughout the mass and 
find for every element of mass dm within 
the mass, the dose in roentgens D,,, deliv- 
ered. Then the energy absorbed through- 
out the mass may be written as follows 
(19, 20, 21): 

Total energy absorbed = Kp f" D,,-dm (iii) 


where Kp is a constant of the order of 85 
ergs/gm.-roentgen and the integral is taken 
throughout the absorbing mass; op is the 
electronic density of the medium com- 
pared with air. We see, therefore, that the 
determination of total energy absorbed 
turns upon the determination of /“"D,,dm 
for the particular case in question. 

The quantity obtained by integrating 
the dose throughout a given mass has been 
most commonly referred to as the integral 
dose (19, 20, 21), although it has also been 
called the volume dose (5). When deter- 
mined, the integral dose is in gram-roent- 
gens, but it is found in practice that this 
unit is far too small; one million gram- 
roentgens (a megagram-roentgen) is a more 
convenient order of magnitude. For a 
medium of unit density and of atomic 
number equal to that of air, one mega- 
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gram-roentgen is approximately equal to 
2.02 gm.-calories (21). 
METHODS OF ESTIMATION OF INTEGRAL DOSE 
The estimation of integral dose, as we 
have seen, depends upon the determina- 
tion, by one means or another, of the inte- 
gral f"D,,dm. A number of methods 
have been developed to solve this problem, 
which depend upon the nature of the case 


4000 


r 
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also been developed for similar measure- 
ments in x-ray therapy (3). 

For this method a life-size model (see 
Fig. 2) of the body was constructed, con- 
sisting of a series of celluloid plates coated 
with graphite to make them electrically 
conducting, separated by small air gaps 
and connected alternately to a battery and 
When high-voltage radia- 
system of ionization 


galvanometer. 
tion falls on this 
| 
CONTINUOUS LINE — “IN AIR” 
BROKEN LINE — “WITH BACK-SCATTER” 
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Fig. 1. 


Theoretical relation between energy flux per roentgen at the surface, and wave 


length of radiation (Mayneord, 20). 


under consideration, the therapeutic 
method involved, etc. We shall attempt to 
outline these procedures and their results 
under a number of pertinent headings. 

(a) X-Ray and Gamma-Ray Beam Ther- 
apy: The speediest approach to the deter- 
mination of integral dose would be to use a 
method which aims at direct measurement 
of the quantity, and this approach has in 
fact been made by Grimmett and his co- 
workers (3, 11, 12). The method was first 
devised for the measurement of integral 
dose in radium-beam therapy (11) but has 


chambers in parallel, an ionization current 
flows which is the sum of all the icnization 
currents throughout the ‘“‘body.”’ The 
thickness of the celluloid plates and the 
air gaps are so chosen that the over-all den- 
sity is unity, so that the absorption and 
scattering will be approximately the same 
as in a block of tissues and the ionization 
current proportional to the gamma-ray 
energy absorbed. The considerations are 
more complex in the case of x-rays, but it 
has been possible to make suitable allow- 
ances for the differences involved (3). 
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Fig. 2. A (left). 


Method of construction of celluloid man. 


September 1946 


B (right). Complete celluloid man having x-ray 


“treatment’”’ (Boag, 3). 


In practice, for satisfactory behaviour, 
it was found that the celluloid man had to 
be fitted with thin celluloid gaskets be- 
tween the edges of the plates in order to 
exclude dust, and with earthed guard-rings 
around the edges of the plates in order to 
prevent the collection of ions from the 
heavily ionized air around the model. 

Another method of direct measurement 
which might be valuable, though little 
experimental work has yet been done on 
the subject, would be to utilise the chemi- 
cal changes brought about by high-voltage 
radiations (21). It should be possible, for 
example, to use a reaction such as the pre- 
cipitation of mercurous sulfate from Eder’s 
solution, using a phantom the shape of the 
body filled with the solution. 

Yet another way in which the problem 
has been solved is by the use of a large 
number of condenser ionization chambers 
so placed as to measure the mean dose at 
the centre of mass of equal masses dis- 
tributed throughout the whole volume of a 
suitable model of the tissues being irradi- 
ated (21, 22). With a condenser chamber 
at the centre of mass of each sufficiently 
small mass, the integral is transformed into 
a summation and it is necessary merely to 
add together the indications of all the 


chambers to obtain a quantity propor- 
tional to integral dose. 

In spite of their great interest and value, 
the methods so far described are hardly 
suitable for dealing with routine estima- 
tion of integral dose for the large number of 
conditions which may arise, and it becomes 
apparent that methods based upon stand- 
ard dosage data are much to be preferred 
for the purposes.* Methods of this kind 
have been developed (13, 15, 20, 21). 

When the dose-contours (in roentgens) 
for a circular beam of radiation have been 
determined, the integral dose due to the 
beam may be derived as follows (20, 21): 

The integral dose in a ring element (Fig. 
3) of cross-sectional area da is D X 2rrda, 
where D is the dose in roentgens at da. 

The integral dose = between the sur- 
faces generated by rotation of the contours 
D, and D, about the central axis is 

> =2r Ix D.-r-da (iv) 
_ Dt D; 
—_ oe 


» 


or, if we take the mean dose D,, 


the integral dose is 

‘The celluloid-man method is possibly suitable for 
routine investigation, but even this involves consider- 
able experimental facilities and the use of the radia- 
tion apparatus for periods when the clinicians would 
no doubt require it for the treatment of patients 
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>=D, fy 2x rda = D,-V (v) 


where V is the volume between the isodose 
surfaces. Mayneord (20) has given an ele- 
gant method of finding V by means of a 
practical measurement of the moment of 
the area considered about the central axis. 

In cases where the beam is considerably 
angled to a patient, some of the isodose 
surfaces will be cut by the body surface, 
and to determine the integral dose it is 
necessary to estimate the sizes of the 
portions of the interisodose volumes which 
actually lie within the body. Bush (1) 
has described a method and apparatus 
which solve this problem. 

For the rapid routine calculation of inte- 
gral dose from standard depth-dose data, 
Mayneord (20, 21) and Happey (13, 15), 
by somewhat different methods, have de- 
rived approximate formulae. Mayneord’s 
method (20, 21), which is possibly the 
simplest to understand, is as follows: 

Suppose a parallel beam of radiation of 
cross section A sq. cm. falls normally on the 
surface of an absorbing medium. To a 
first approximation the dose contours may 
be regarded as rectangular and reaching to 
the geometrical limits of the beam. Then, 
assuming the fall of dose with depth to be 
exponential,* the dose at x cm. depth will 
be Dee“ where Dy is the surface dose. 
Thus the integral dose = to a depth d 
cm. in a medium of unit density is: 


A-Dy 
t= So* Dy-A-e-**-dx = at 


(l1—e-*4) (vi) 
If the depth d is very great, so that all the 
energy is absorbed, 


> = DyA-l/p (vii) 


In practice, it is more convenient to use 
d,2, the depth at which the dose falls to 
half its surface value. Then ud; 2 = 0.693 
sothat > = 1.44D,-A-d, 2 is a convenient 
statement of the total energy absorbed. 

If a closer approximation is taken, in 
which the dose is assumed to be constant 
toa depth d, and then to fall exponentially, 


_ ‘There is evidence to show that this is so in many 
Instances. 











Fig. 3. Determination of integral dose from dose 
contours 


while d is assumed to be measured from dy 
and not from the surface, then the total 
energy absorption is 
> = DA [dy + 1.44 dy] (viii) 
If a diverging beam from a point source 
at F.S.D. f em. is considered, the absorp- 
tion to a depth d has been shown to be 
(19): 


DAT /P , F, 2 : 
t==* (2 +34 :) —e al & + 
a m “ 


and for complete absorption 


D-A 2 2 
== [1 ++ ] 
M Ju fu 


2.88 die, 4 16 d*, ‘| 
f ’ ~ 


== | 44 D-Acdy | 1 += 73 


(xi) 
which is the formula normally employed in 
practice in calculations on patients, taking 
into account the exit dose if this is appreci- 
able. 
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In this case again, it is possible to as- 
sume a constant dose to a small depth dy 
and to make the necessary modifications to 
the formulae (20). 

(b) Radium Therapy: In radium ther- 
apy by the methods of surface, intra-oral, 
and interstitial application, the condi- 
tions may be even more diverse than in 
x-ray therapy, and a great variety of rela- 
tionships between radium sources and ir- 
radiated body have to be considered. 
Direct measurement with the celluloid man 
would appear the most readily applicable 
method of estimation of integral dose in 
these cases but, for reasons already given, 
additional methods are necessary. 

In the past, the general problems of 
radium dosage have yielded very well to 
mathematical methods (30), and the prob- 
lems of integral dose are no exception; it is 
the mathematical approach which so far 
has been the most fruitful of methods for 
the estimation of integral dose in radium 
therapy (2, 20, 23, 24, 25, 31). In this re- 
spect, the study of point sources is of first 
importance. Thus, suppose we have a 
l-mg. point source of gamma radiation 
filtered by 0.5 mm. Pt in an extensive 
medium of unit density, then the dose D, 
at a distance 7 cm. is found experimentally 
(20, 24) to be approximately 

3 


yr? 


-e-*" roentgens per mg.-hour  (xii)°® 
and integral dose calculations in gamma- 
ray therapy are largely the integration of 
this expression throughout masses of tis- 
sue of different shapes and sizes, a proce- 
dure which is possible analytically only in a 
small number of simple cases (24). 

If the source is at the centre of a sphere of 
radius a cm., the integral dose in the sphere 
is (24): 


a 8.3 - 
>= —-e@- -4rr*?-dr = 
0 ™ 


104.3 _ 

(1 — e-"*) (xin) 

5 The factor 8.3 is the dosage-rate in r/hr. at 1 cm 

distance from a l-mg. point source of radium element 

filtered by 0.5mm, Pt. wis of the order of 0.028 cm.~! 

but depends also on the extent of the medium and 
probably on r (24). 
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while if the medium is of infinite extent 
the total energy absorbed in it is: 


"8.3 , in X8.: 
Zio = — +e Agr?.dr = 3 
0 ii “ 


104.3 ; 
(XIV) 


Putting » = 0.028 cm. in xiv, we find 
Dtotar = 3,725 gram-roentgens per mg.-hr, 
a result which agrees very well with that 
obtained from an absolute energy stand- 
point (9, 24). This is the maximum pos- 
sible integral dose when all the gamma ray 
energy is absorbed. 

Similarly, if the point where the radium 
is situated is not at the centre of the sphere, 
but displaced a distance c cm. from it, the 
integral dose in the sphere is (24): 
=< 1+ Cc) 


(xv) 
1—cf{ 


/ 


a log, : 
( 


a” 
> = 8.34 J 2a + 


| 


When c = 4a, so that the radium is on the 
surface of the sphere, the integral dose is 
8.3 X 27a, that is, one-half the value when 
it is at the centre. 

Mayneord (24) has also shown that, in 
general, the integral dose throughout any 
volume whatever, due to a finite source 
uniformly filled with radioactive mate- 
rial, is equal to the integral dose through- 
out the original source if the ‘‘receiver” 
be filled with radiating material of the 
same uniform density. Thus, in any case 
where the distribution of radiation due toa 
continuous distribution of radioactive ma- 
terial has been calculated (30), the inte- 
gral dose may be written down in the 
inverse problem. A number of examples 
of such calculations and their practical ap- 
plications have been described (24, 31). 

The calculations become considerably 
more complex when absorption of radia- 
tion is taken into account (2, 24), but tables 
of data have been drawn up (2) which en- 
able the integral dose throughout the body 
to be assessed fairly precisely for most ra- 
dium therapy techniques (2). Absorption 
of radiation within the medium does not 
prove to be so serious a factor as one might 
have expected. 
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(c) Whole Body Irradiation: The ques- 
tion of the total amount of energy absorbed 
by the body when the whole or a consider- 
able part of it is subjected to radiation is 
obviously of some importance, particularly 
in connection with protection and also in 
connection with the ‘‘wide-field’”’ (bath) 
techniques of x-ray therapy advocated by 
Scott (27). Consequently these questions 
have been studied in some detail (22, 23). 

For this study Mayneord and Clarkson 
(22) constructed a model of a patient hav- 
ing elliptic cross sections at all levels (see 
Fig. 4), and composed of paraffin wax and 
slabs of mixed rice flour and sodium bi- 
carbonate (29). The method used was that 
already referred to, in which condenser 
jonization chambers are placed at the 
centre of mass of equal ‘‘cells’’ of a given 
section, although in actual fact the integral 
dose was obtained by interpreting the 
data in three different ways. The radia- 
tions studied covered half-value layers 
ranging from 0.037 mm. Cu (40 kv.) up to 
16mm. Cu (gamma rays of radium). 

These authors (22) also studied the 
variation of integral dose with direction of 
the x-ray beam and, using the reciprocity 
relationships already mentioned, they 
found values for external radium sources, 
as well. 

The effects upon integral dose of such 
variables as quality of radiation, F.S.D., 
size and shape of patient, have been ex- 
amined in a paper by Mayneord (23), 
which also brings to light a number of 
theories and procedures of value in the 
assessment of integral dose. 

For investigation of these same ques- 
tions the celluloid man is also of great 
value, giving as ‘“‘he’’ does, direct read- 
ings of the quantity required for any set of 
conditions. 


SOME PHYSICAL DATA OBTAINED FROM 
INTEGRAL DOSE STUDIES 


Under this general heading it is proposed 
to set out some of the more important 
physical results which have been ob- 
tained by the use of the methods outlined 
above. 





Fig. 4. Construction of wax man (Mayneord and 
Clarkson, 22). 


(a) X-Ray and Gamma-Ray Beam Ther- 
apy: Mayneord (20) has examined the in- 
tegral dose (measured to the 10 per cent iso- 
dose surface) due to circular beams of 
radiation for a number of different thera- 
peutic conditions when the same fixed dose 
of 100 r is measured with back-scatter at 
the surface. His results are shown in Table 
I. One sees at once how very different is 
the energy absorption with the different 
techniques. 

It is seen from equation (xi) that, other 
things being equal, the integral dose may be 
expected to increase roughly in proportion 
to the field area. The proportionality is 
not exact because the surface dose depends 
upon back-scatter, and this in its turn 
depends upon the area of field. The equa- 
tion also indicates how integral dose de- 
pends on F.S.D. and quality, since d,,, is 
determined essentially by the quality of the 
radiation. 

Boag (3) has described the results of 
measurements of integral dose made di- 
rectly with the celluloid man for x-rays of 
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TABLE I. 
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INTEGRAL Dose Due To CircULAR BEAMS OF RADIATION FOR DIFFERENT TECHNIQUES (Maynegopp 


(100 r measured with back-scatter at the surface) 


i ‘ Potentia - 
Technique otential, Filter 


X-rays 
Roentgen cautery 
Contact therapy 60 
Ni equiv. 
1.0 mm. Cu 
$.0 mm. Cu 


200 
400 (peak) 


Deep therapy 
Supervoltage 
Gamma rays 
l-gm. unit 
5-gm. unit 


1.0 mm. Pt equiv. 
1.4 mm. Pt equiv. 


AND TOTAL 
ELLIS 


TABLE II: X-RAY TECHNIQUE, SITE, 
ENERGY ABSORPTION OR INTEGRAL DOSE 
H.V.L. 1.5 mm. Cu, F.S.D. 40 cm 


Integral 
Dose, 
megigram 
roentgens 


Fields 
Dose, 
r 


Region Num- Area, 

ber cm.? 

10 
6 
10 
6 
6 
6 
10 


6 


Tonsil 4,500 


Fauces 4,000 


Larynx 5,000 


Brain 4,000 


2) 
) 
5 
9 
9 
l 
9 
l 
8 


5,600 
3,000 


Bladder 

Pelvis 
Supplement 
to radium 

Ocesophagus 

Lung 

Lung 


xX K KK KK KK OK 
rt om OO QO the OO He tt the OO 


3,000 
6,000 
4,000 
5,590 


Cr+ @ bo 


x Xx K &X 
od tee = 
wt 


half-value layer between 2 and + mm. Cu. 
He found that the absorption of energy de- 
pends chiefly upon the area and site of the 
field and to a much smaller extent upon 
focus-skin distance, linear dimensions of 
the patient, and half-value layer of the 
radiation. He gives curves from which the 
integral dose can be estimated rapidly. 

In therapeutic practice the conditions 
are much more complex than we have con- 
sidered so far, a number of cross-firing 
beams being used. We see from Table I 
that it is in deep x-ray therapy, supervolt- 
age x-ray therapy, and radium beam ther- 
apy that the question of integral dose is met 
most severely and it is in these fields, there- 
fore, that integral dose has been studied. 
The order of magnitude of integral dose for 
various techniques is of great interest; in 


Unfiltered. Tube only 
Tube only, 0.2 mm 


Diameter 
Wave F.S.D., of Gram-Roentgens 

Length, cm. Field, to 
A em. 10% 


Mean 


Contours 


0.90 
0.33 


71.5 
+,200 


0.12 
0.069 


96,560 
110,000 


0.014 
0.013 


14,593 
51,587 


particular, the relative merits of one tech- 
nique with respect to another. The effect 
of F.S.D. and quality of the beam upon 
the integral dose in therapy is of signifi- 
cance in relation to integral dose because 
these factors in their turn affect the depth- 
dose values; these values decide the 
amount of treatment required through 
each field in order to deliver a specified 
tumour dose. If the depth doses are in- 


INTEGRAL DOSE IN RADIUM TELETHERAPY 
(BusH) 


TABLE IIT: 


Number and 
Diameter of 
Fields 


Integral 
Dose, 
megagram 
1oentgens 


Site of Disease 
s.0 
cm 


3.5 5.0 
cm cm 


l 2 


Pharynx 


Postcricoid 


Larynx 


Floor of mouth 


Tongue 


creased, the amount required will be 
smalier and therefore may, in some circum- 
stances, lead to a reduction of the inte 
gral dose for the same tumour dose. 

The magnitude of integral dose, and its 
dependence upon the type of deep therapy 
technique and site irradiated, are well il 
lustrated in Table II, taken from papers by 
Ellis (5 and 6). Table III shows some 
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jmilar data for radium teletherapy given 
py Bush (1). In the same paper (5) Ellis 
has shown that in the treatment of car- 
cinoma of the oesophagus by the tech- 
nique of Table II the integral dose with a 
jocus-skin distance of 40 cm. is 25 per cent 
creater than with a distance of 100 cm. 

* The effect of quality upon total energy 
absorbed during treatment has been well 
exemplified by Phillips (26). Referring 


(b) Radium Therapy: Using the mathe- 
matical methods already outlined, May- 
neord (24) has calculated, as representa- 
tive examples, the integral dose in the head 
during the use of radium in the antrum and 
during the treatment of the lip with a 
surface applicator; also the integral dose 
in the trunk during the treatment of sites 
such as the cervix and oesophagus. Leder- 
man and Clarkson (18) have determined 
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5. Whole body integral dose for radium at various distances outside the body 
(Mayneord and Clarkson, 22 


to the treatment of carcinoma of the rec- 
tum by supervoltage x-rays (1,000 kv. and 
H.V.L. 9.0 mm. Cu; F.S.D. 100 cm.), 
Phillips states that the average integral 
dose is about 40 megagram-roentgens and 
produces definite impairment of the pa- 
tient’s vitality, from which recovery oc- 
curs in about two months. ‘At 200 kv. 
the integral dose would be over 60 mega- 
gramme-r, which is higher than has yet 
been given in any condition, and would al- 
most certainly impair the patient's vitality 
toa critical degree.”’ 


the integral dose delivered to the trunk 
during radium bougie treatment of cancer 
of the oesophagus, using the known dose 
contours around the bougie. They found 
the integral dose to be 3.15 megagram- 
roentgens for a treatment of sixty hours’ 
duration. With Mayneord’s method of cal- 
culation, the result was approximately 4.0 
megagram-roentgens, the difference being 
probably due to the fact that the latter 
method takes no account of absorption. 
Wilson (31) has used the mathematical 
method to calculate the integral dose re- 
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ceived by the trunk in the treatment of 
breast cancer by interstitial and surface 
radium therapy in order to correlate the 
values with blood counts. He gives graphs 
which show the variation of integral dose 
in the trunk, (a) with position of the 
radium along the trunk, and (4) with dis- 
tance of radium beyond the trunk. Also, 
on the basis of certain simplifying assump- 


60,000,-——_—— 


20,000 
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used by Mayneord and Clarkson for thei 
investigations of total body dose (29) 
His results were summarised in the form of 
tables and graphs, which enable a reason. 
ably accurate estimate to be made of the 
integral dose received by the whole body 
from radium used in any practical case 
Thus he gives a curve for radium disposed 
on or near the central axis of the body and 
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Fig. 6A. 


tions, he presents other graphs relating 
integral dose in the trunk due to surface 
applicators to the area of applicator, the 
radium-skin distance, and surface dose. 

In a very recent paper, Bush (2) has 
made calculations of the integral dose 
throughout the whole body, by means of 
formulae which take account of absorption. 
For this purpose he has assumed a “‘man”’ 
of practically the same construction as that 


(Mayneord and Clarkson, 22 


29). 


a table for radium placed near the surface 
of the trunk. The latter is reproduced in 
Table IV. 

A study has also been made of the inte- 
gral dose due to a small source of radium 
outside the body (22). The changes in 
integral dose as a radium source is moved 
away from the patient were determined. 
The values so obtained for a central sec- 
tion of the trunk (of a wax man) are given 
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in Figure 5, where comparison with the in- 
verse-square law has also been made on 
the basis of the experimental value at 70 
cm. distance. The rapid increase in inte- 
gral dose as the source approaches the body 
is noteworthy. 

(c) Whole Body Irradiation: Asa result 
of investigations with the wax man already 
referred to (22), the variation of integral 
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sent the integral dose when the patient is 
exposed to a divergent beam with its axis 
normal to the centre of the trunk so that 
the dose at the extremities of the body is 
smaller than at the centre. Those marked 
>’ are for a beam imagined modified so as 
to make the surface dose with back-scatter 
constant at all points on the patient’s an- 
terior surface. 
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Fig. 6B. 


dose with half-value layer of radiation 
has been found to be as shown in Figure 
6 (A and B). The curves marked ‘‘in 
powder’’ represent the results obtained 
when the model is of a powder mixture of 
rice flour and sodium bicarbonate, which is 
very closely equivalent to water (29); they 
are therefore the better representation of 
the results from the point of view of clini- 
cal practice. The curves marked > repre- 


(Mayneord and Clarkson, 22). 


In Figure 7 (22) these results are com- 
pared with the theoretical calculations pre- 
viously discussed (see Fig. 1), where it is 
seen that, for short wave x-rays or gamma- 
rays, approximately one-third of the energy 
falling on the patient is absorbed, but for 
long wave lengths approximately all the 
energy is absorbed. The apparent excess 
of absorbed energy at the short 
lengths is probably due to the heterogen- 


wave 
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ENERGY ABSORPTION IN GRAM ROENTGENS PER MILLIGRAM-HOUR FOR RADIUM NEAR SURFACE op 
TRUNK (BusH) 


TABLE IV: 


— — * $$ re 


Radium-Skin Distance 
cm, 


Distance Deep to Skin, 
cm. 

2 l 1 2 
536 
516 
496 
461 


Angle from 
Mid-Axillary Line, 
degrees 


Plane 


680 
682 
684 
685 


720 
747 
774 
810 


0 
30 
60 
90 


575 
611 
636 
646 


1010 
988 
960 
952 


1125 
1093 
1074 
1065 


0 
30 
1160 
582 
624 
656 
666 


1020 
995 
975 
972 


1135 
1110 
1095 
1085 


1200 
1190 
1182 
1180 


584 
649 
692 


714 


1045 
1025 
1013 
1005 


5 1140 
) 1130 
1207 1124 
1205 1120 


121 
121 


562 
624 
673 
686 


850 
962 
1037 
1050 


910 
1030 
1134 
1160 


1040 
1130 
1220 
1240 


1060 
1184 
1261 
1308 
1045 
1089 
1100 

970 


icity of the beams used in the experiments. 
“Generally, we may say that the integral 
dose per réntgen on the surface varies in 
the way predicted by the theory: that it 
rises only slowly with half-value layer above 
the region of 5 mm. Cu, shows complex 
variation of a few per cent in the region of 
1—5 mm., and below this falls rapidly”’ (22). 

Calculations by Mayneord (23) have 
made it possible to determine, by a simple 
calculation, the integral dose for an ir- 
radiation of either the whole body or the 
trunk only. Tables have been drawn up 
which give the calculated average dose in 
the patient for different effective absorp- 
tion coefficients of the radiation and for 
varying anteroposterior thickness of the 
trunk. The measured doses have been 
used to construct a graph showing the rela- 
tionship between half-value layer and ef- 
fective absorption coefficient. The inte- 


900 


537 
633 
699 


712 


820 
990) 
1126 
1160 


533 
582 
611 


554 


770 
910 
984 
760 


gral dose for the irradiation may be found 
by a simple application of these data (23). 

The integral dose involved in the use of 
Gilbert Scott techniques (27) has been 
briefly considered and, for the two tech- 
niques set out below, the following experi- 
mental results were obtained (22) when the 
beam was circular and of 60 cm. diameter 
so as just to enclose the trunk: 

(a) 100 kv. (const.), filter 1.0 mm. Al, 
H.V.L. = 0.14 mm. Cu, F.S.D. 20 in. 
(51 cm.): Integral dose per r on skin at 
the centre of field = 9,700 gram-roentgens. 

(6) 130 kv., filter 3 mm. Al, H.V.L. 
0.265 mm. Cu, F.S.D. 20 in. (51 em.): 
Integral dose per r on skin at the centre of 
the field = 12,400 gram-roentgens. 


INTEGRAL DOSE AND RADIATION EFFECTS 


The quantitative estimation of radio- 
biological effects has always been a prob- 
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lem fraught with difficulty. It is still not 
solved to any degree of satisfaction in the 
case of malignant disease of even the most 
local character. It is therefore not to be 
wondered at that progress in the direction 
of correlating the general effects of irradia- 
tion with integral dose has lagged consider- 
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teleradium (5-gm. unit) for disease at sites 
in the head and neck, viz., pharynx, post- 
cricoid, larynx, floor of mouth and tongue. 
The average energy absorption during 
treatment was 5.35 megagram roentgens, 
and Bush states that the general effect of 
this treatment is fairly severe and that the 
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Fig. 7. (Mayneord and Clarkson, 22). 


ably behind the development of the con- 
cept of integral dose itself. The physicist’s 
problems in this matter, difficult enough in 
themselves, are comparatively simple in 
relation to those of the clinician. In spite 
of these difficulties, however, some progress 
has been made. 

Some of the most definite results that 
have been obtained are those of Bush (1), 
who studied very precisely the energy ab- 
sorption in a series of 26 cases treated by 


patients had nearly as much treatment as 
they could stand from the point of view 
of their general condition. Further, Bush 
was able to relate the energy absorbed 
and the lymphocyte count, as shown in 
Figure 8. The curve has been inter- 
preted by Bush as indicating the presence 
of several strains of lymphocytes of dif- 
ferent sensitivity in the 26 patients from 
whom the figures were obtained. 

Results obtained by Wilson (31), using 
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Fig. 8. (Bush, 1). 
Goodfellow’s data (7), indicate that the 
behaviour of the lymphocytes during the 
treatment of breast cancer by interstitial 
and surface methods is of the same kind, 
although different in degree. These re- 
sults fitted the curve obtained by Bush 
when the integral doses in the treatment of 
breast cancer were scaled down by a factor 
of 3.6. It is suggested (31) that the differ- 
ences are due to differences in the parts and 
extent of the body irradiated and to the 
difference in the dosage rates involved. 

The lymphocyte count appears to be 
the only feature of the blood count which 
shows any regular behaviour with respect 
to integral dose, and Ellis (6) has not found 
it possible to use even this for a similar 
study with x-rays. 

Other objective phenomena that might 
be studied in relation to integral dose are 
(6) the corpuscular volume, colour index, 
sedimentation rate, and blood pressure, 
but Ellis (6) believes that none of these 
varies as readily with integral dose as do 
the lymphocytes. X-rays also reduce the 
ascorbic acid content of the blood (6), 
but whether the changes can be correlated 
with integral dose remains to be seen. 

There are other subjective phenomena as- 
sociated with x-ray treatment, such as ma- 
laise, nausea, vomiting, and headache, but 
these are all impossible to measure and to 
dissociate from the effects of local phenom- 
ena (6). With regard to integral dose and 
the general condition of the patient, Smith- 
ers (28) says that ‘“‘determinations made on 
patients undergoing x-ray treatment for 
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carcinoma of the oesophagus have shown 
that, in this debilitated group, a dose of the 
order of 25 megagramme-r given to the 
thorax in six weeks is close to the limit.” 
and that ‘“‘some patients whose resistance 
is low have shown signs of serious constitu. 
tional effects when a dose of between 15 and 
18 megagramme-r has been given in about 
30 days.” 


GENERAL DISCUSSION 


We have tried to trace the development 
of the concept of total energy absorption or 
integral dose and of its study in clinical 
practice and we have seen that even with 
the rather simplified idea of a gram-roent- 
gen as the unit of integral dose, consider- 
able progress has been made. Before leay- 
ing the subject, however, we have thought 
it worth while to indicate some of the 
other factors that will need attention in 
future developments and some of the 
implications of these newer concepts. 

The body so far has been considered as a 
homogeneous absorbing material of air- 
equivalent material. This assumption 
also made in most other dosage considera- 
tions, is considerably removed from the 
actual facts, and ultimately allowance will 
have to be made for this. 

In considering integral doses 1n radia- 
tion therapy, especially comparatively, it 
is obvious that attention must also be 
given to the region irradiated. It is quite 
easy to imagine the same integral dose be- 
ing given in the treatment of a thigh as of 
a neck; the effects on the patient, however, 
would be very different. It was for such 
reasons that Bush (1) and Wilson (31) con- 
fined their observations to groups of similar 
cases. 

Another factor which would seem to be 
of considerable importance in integral dose 
problems, but which it has not been pos- 
sible yet to take into account, is dosage 
rate. Upon this, biological responses of 
the kind we are interested in here are 
known to depend to a large degree (10), es- 
pecially in the region of low dosage rates, 
where the recovery factor becomes of 
prime importance. In many problems of 
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integral dose (radium teletherapy and pro- 
tection, for example), much of the total en- 
ergy may be absorbed at widely varying 
dosage rates, some at very low dosage 
rates. We may therefore expect that, for 
the same integral dose, the biological re- 
sponse under the latter conditions may be 
very different from that when the energy is 
absorbed at dosage rates of the order com- 
monly used therapeutically. 

As Mayneord and Clarkson have empha- 
sised (22), the integral dose results of whole 
body irradiation seem to be of consider- 
able significance in their relation to pro- 
tection considerations. The Protection 
Regulations lay down a “‘tolerance dose” 
independent of wave length, but we have 
seen that integral dose varies with the qual- 
ity of radiation, a result due to the com- 
bined physical and geometrical factors 
involved. It is not specifically stated 
whether the tolerance dose (about 1 r per 
week) is regarded as surface dose, average 
dose throughout the body, or dose over a 
small surface. In practice it seems to be 
taken as the dose at the site at which 
measurement is made; from Figure 6, 
therefore, for ‘‘tolerance’’ conditions, the 
integral dose is of the order of 55,000 
gram-roentgens per r in the ‘‘deep-therapy”’ 
region and of the order of 10,000 for wave 
lengths such as are involved in diagnostic 
radiology. These values are quite large. 
In this same connection the increase of 
integral dose with decrease in distance of 
radium sources from the body already dis- 
cussed (Fig. 5) should receive due con- 
sideration. ‘It seems that the study of 
integral dose will frequently reveal rela- 
tionships not brought to light by a con- 
sideration of dose alone”’ (22). 


SUMMARY 


An account of the conception of inte- 
gral dose is given and its possible impor- 
tance is indicated. 

The theoretical variation with wave 
length of the energy flux required to deliver 
a dose of one roentgen at the surface of a 
body (with and without back-scatter) is 
examined and expressed graphically. 
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The expression of total energy absorbed 
in terms of integral dose is described, and 
the units so far used for the measurement 
of integral dose are defined. 

Methods that have been developed for 
integral dose determination are outlined 
for the various cases that arise in practice, 
namely, x-ray and gamma-ray beam ther- 
apy, radium therapy, whole-body and wide- 
field irradiation. Some account is given of 
the results obtained in these cases, and the 
significance of the results is discussed. 

A description is given of the attempts 
made so far to relate integral dose and 
biological effect, and possible difficulties 
and limitations are indicated. 
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i. eae Osteopoikilosis: Report of Two Cases 
Produc. MAJ. M. C. ARCHER, M.C., A.U.S., and MAJ. K. W. FOX, M.C., A.U.S. 
of Energy 
a. Brit. J 
y Therapy nas . 
erapy ELATIVELY FEW cases of osteopoikilosis 
Treatment have been found in the available 
tion of X. literature. In view of the rarity of this 
leration of congenital bone disease, the following two 
-atm 
ent of examples are recorded. 
Pth Dose , ' . 
143 Case I: An 18-year-old white soldier was first 
Its Physi. seen in the Orthopedic Clinic, complaining of pain 
. 1945 in the left knee. Since a definite diagnosis was not 
ym > — . . e ee 
= & evident clinically, roentgen examination of the joint 


Cancer by f Bg . Age : 
Radiol- was requested. This revealed the typical findings of 


osteopoikilosis. The patient was therefore ad- 
mitted to the Station Hospital, Camp Wolters, 
Texas, on Jan. 27, 1945, for additional study. 

Complaints referable to the knee dated back to 
1940, at which time the patient injured the joint 
while pole vaulting. Two hours following the 
accident, his knee began to swell and he was obliged 
to stay in bed for approximately two days. No 
roentgenograms were taken. Ever since the injury, 
there had been mild pain deep within the joint when- 
ever heavy manual labor was attempted. Changes 
in weather were registered by the intensity of the 
pain, but there was no history of locking, catching, 
or recurrent swelling. The patient stated that the 
knee frequently felt weak and unstable and that he 
did not trust it. At the time of admission, he had 
completed 11 weeks of infantry training but had 3 R 7 
been unable to finish several marches because of knee Fig. 1. Case I. Supracondyiar fracture of the left 
. : : : =a elbow sustained in 1937. A few areas of condensation 
discomfort. He gave no history of any other joint are present. 
affection nor of any unusual bone findings. His oc- 
cupation prior to induction, on Oct. 21, .1944, was 
that of farmer, machinist, and worker in a meat- 
packing plant. He had no unusual habits. His 
19-year-old brother, who had recently been killed blood pressure was 100 systolic, 70 diastolic. The 
in a plane accident, was thought to have had tu- abdomen, genito-urinary system, anus, rectum, and 
berculosis of the left knee at one time, but appar- glandular system were found to be essentially nor- 
ently no roentgenograms had been taken. One of mal. No hernia was present. The bones and joints 
the grandparents was said to have had brittle bones, were negative with the exception of slight tender- 
ness over the femoral condyles of the left knee just 


left costal margin, but no rachitic rosary was felt. 
The lungs and vascular system were normal, and the 


with numerous fractures. 

The patient’s past history revealed the usual inferior to the patella. The contour of this joint 
childhood diseases: measles, mumps, and scarlet was normal, and all motions were free, complete, 
fever. In 1943, a tonsillectomy was done because of and painless. No grating was present and no ef- 
repeated sore throat. In 1937, a fallfromabicycle fusion was noted. Examination of the left elbow 
resulted in a supracondylar fracture of the left elbow was entirely negative. There was slight atrophy 
which was treated by reduction on two different oc- of the left quadriceps muscle. The nervous system 


casions and immobilization in a sling for two months. was normal. 
Venereal disease was denied both by name and symp- The laboratory findings were as follows: 
toms. 

Physical examination showed the patient to be 
well developed and well nourished, 70 1/2 inches tall 
and weighing 160 pounds. The skin, head, and 
neck were negative. There was slight flaring of the 


Urinalysis 
Specific gravity 
CO EE EES 
| ES eee Negative 
—_ Sedimentation rate 10 mm. per hour 


! Accepted for publication in October 1945, Fasting blood sugar 108 mg. % 
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Fig. 2. Case I. Right knee region and pelvis. Spherical areas of condensation are clearly 
shown in the knee. 
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Blood phosphorus 
Blood calcium. 
Blood phosphatase 
Alkaline. 
Acid. 


Blood Kahn test 


OSTEOPOIKILOSIS 


Fig. 3. Case I. Right shoulder and both forearms. 


Fig. 4. Case I. 


.4.6mg. % 


14 mg. % 

1 Bodansky unit 

0.22 Shinowara- 
Jones - Reinhart 
unit 

Negative 


Ankles and feet. 


Blood count 
Red blood cells 


Hemoglobin 104% 


White blood cells 12,500 
Neutrophils 67 
Lymphocytes 

Monocytes 

Eosinophils 





5,660,000—5,800,000 


110% 
l 1,790 
( 

Lf 


Lf 
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Fig. 5. Case II. 

X-ray examination revealed spotty bone forma- 
tion of the following portions of the body: femora, 
patellae, tibiae, fibulae, tarsals, metatarsals, pelvis, 
humeri, ulnae, radii, carpals, and metacarpals. 
The areas of condensation were found in the cancel- 
lous portions of the ends of the long bones in the 
and diaphyseal regions. They were 
The 
majority, however, were spherical. They varied 
from 2 to 5 mm. in diameter and were evenly dis- 
tributed throughout the cancellous portions of the 
involved bones. They were well shown in the 
patellae, though some writers have found no evi- 
dence of the disease at that site. There was no 
evidence of osteopoikilosis in the skull, sternum, 
clavicles, ribs, or vertebrae. 

In 1937, the patient had sustained a supracondylar 
fracture of the left elbow. The film taken at that 
time showed small areas of spotty bone formation, 
but the lesions were not so numerous as those found 
in the more recent films. This observation cor- 
roborates that of Holly (2), who found that the 
involved areas did not remain constant in size or 
number. 


epiphyseal 
either spherical or elongated in shape (1). 


Case II: A 21-year-old-white soldier was initially 
seen in a dispensary in August 1945, complaining of 
lumbar backache. Roentgenograms of the lumbar 
region which were taken at that time were suggestive 
of osteopoikilosis. Additional films were therefore 
taken and the same type of lesion was found in other 
bones. The patient was subsequently admitted to 
the Station Hospital, Camp Wolters, Texas, on Aug. 
13, 1945, for additional study. Upon admission, he 
complained of pain and weakness of the right leg, a 
low-grade pain in the lumbar region, and inter- 
mittent pains in both shoulders. 


September 1945 


Left knee and left ankle, showing elongated and rod-shaped areas of condensation. 


The onset of symptoms dated back to March 1931, 
when the patient sustained a laceration of the leg 
when struck by a log hook. Ever since the accident, 
he had experienced episodes of weakness and pain 
in the involved leg, and because of this complaint 
was placed on a limited infantry training status, 
The lumbar backache dated back to a truck accident 
in 1938. The low-grade shoulder pains had been 
present as long as the patient could remember and 
he knew of no apparent cause. None of the in- 
volved joints had ever been definitely swollen and 
no roentgen studies had ever been made. 

Prior to induction on May 21, 1945, the patient 
had been a farmer and lumberjack. He had no 
unusual habits. The family history was insignif- 
cant, except that one brother had died in 1918, at 
the age of 9, from tuberculosis of the spine. He was 
said to have been sick approximately three years 
and was finally subjected to operation. The pater- 
nal grandfather died supposedly from cancer of the 
bones of the hand. The patient recalled no history 
of any other member of the family having ‘“‘spotted 
bone.’’ He had had the usual childhood diseases: 
measles, mumps, whooping cough, and chickenpox, 
and in 1941 had a siege of bronchial pneumonia. 
In April 1945, he was treated by a brief course of 
intramuscular penicillin for acute gonorrheal ure- 
thritis. 

Examination showed the patient to be well de- 
veloped and well nourished; he weighed 154 pounds 
and was 69 inches in height. Except for a non- 
adherent, non-painful stellate scar, measuring 5 cm. 
in diameter, on the medial aspect of the right leg, 
the skin was normal. Examination of ear, eyé, 
nose and throat, neck, thorax, lungs, and vascular 
system showed nothing of significance. The heart 
size and sounds were normal; the blood pressure was 
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OSTEOPOIKILOSIS 


Fig. 6. Case Il. Left shoulder and pelvis. 


118 systolic, 62 diastolic. The abdomen was nega 
tive and no hernia was present. A drop of thick, 
yellowish pus expressed from the urethra was found 
upon examination to be negative for gonococci. The 
anus, rectum, and glandular system were normal. 
Examination of the bones and joints was clinically 
negativeexcept forslight tenderness over the anterior 
part of the left shoulder. Findings relative to the 
muscular and nervous systems were also within 
normal limits. 
The laboratory findings were as follows: 


Urinalysis 
Specific gravity. . 1.026 
Albumin........ Negative 
Sugar .... Negative 
Microscopic. . .. .20-25 WBC per high power field 
Sedimentation rate. .16 mm. per hour 
Fasting blood sugar .85 mg. % 
Blood phosphorus. ..3.5 mg. % 
Blood calcium......9.5 mg. % 
Blood phosphatase 
Alkaline.........2.6 Bodansky units 
0.84 Shinowara-Jones-Reinhart 
unit 
Blood Kahn test... . Negative 
Blood count 
Red cell count. . .4,800,000 
Heme globin 


White cell count . 9,850 
Neutrophils. . . 61% 
Lymphocytes 39% 
Monocytes None 
Eosinophils None 
Basophils. .. . None 


Roentgen examination showed a preponderance of 
elongated and rod-shaped areas of condensation 
the largest of which measured 0.5 X 5.0 cm. These 
were best shown in the proximal thirds of the tibiae. 
There was no evidence of osteopoikilosis in the 
patellae. Otherwise, the distribution of the areas of 
condensation was the same as in Case I. 


CONCLUSIONS 


Two cases are reported in which osteo- 
poikilosis was an incidental finding, ap- 
parently asymptomatic. 


Furman Clini 
660 Fifth Ave 
Fort Worth 4, Texas 
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Roentgen Diagnosis of Ascariasis in the Alimentary Tract' 


LT. COL. D. C. WEIR, M.C., A.U.S. 
St. Louis, Mo. 


Aw lumbricoides infestation occurs 
throughout the world in tropical and 
temperate regions, and its occurrence has 
been reported from arctic areas. Ascaria- 
sis is one of the most common helminthic 


Figs. 1 and 2 


The ‘‘U’’-shaped barium collection just below the site of the Ascaris is in the appendix. 


the parasite in the intestine. 

parasitic diseases of man (1). It occurs 
predominantly in those sections where soil 
pollution is extensive or where human ex- 
crement is used as crop fertilizer. The 
embryonated ova are conveyed to the 
alimentary tract by unclean hands or con- 
taminated food or water. After incubation 
in the intestine, the larvae are liberated and 
penetrate the intestinal mucosa to reach the 
mesenteric venules, whence they are carried 
by the venous circulation to the liver and 
subsequently through the right heart to 


1 Accepted for publication in November 1945. 


the lungs. After reaching the lungs, their 
itinerary is similar to that of the hook- 
worm. The minute larvae penetrate the 
pulmonary capillaries, and gain entrance 
to the terminal alveoli, from which they 


In Fig. 1 the Ascaris is observed lying in the intestine prior to the onset of intestinal spasm. 


Fig. 2 is a detail view of 


migrate up the bronchial tree to the epi- 


glottis. They are swallowed by the pa- 
tient, again lodging in the small intestine, 
and it is during this second sojourn in the 
gastro-intestinal tract that the larvae de- 
velop into the adult helminths. 

A bronchitis or pneumonitis (2) with 
considerable hemorrhage is not an un- 
likely complication if a copious inoculation 
is received. Bizarre clinical manifesta- 
tions are sometimes encountered when the 
larvae gain entrance to the systemic circu- 
lation through the left heart and involve 
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ASCARIASIS IN THE ALIMENTARY TRACT 


Vol. 47 


the kidneys, thyroid, thymus, brain, or 
lymphatic system. The pulmonary and the 
castro-intestinal syndromes are, however, 
the most common. 

Diagnosis is dependent upon the labor- 
atory demonstration of the ova in the stool 
specimen, the appearance of the adult 
worm in the excreta following a vermifuge, 
or roentgen demonstration of the parasite 
in the alimentary canal. 


Fed 


Fig. 3. The area shown in Fig. 1 after the occurrence 
of spasm. 


CASE REPORT 


A 27-year-old soldier entered the hospital April 7, 
1945, with a histery of recurrent attacks of upper 
mid-abdominal cramping pain associated with post- 
prandial regurgitation of food for the preceding 
month. The abdominal discomfort was transitory 
and irregular, with no relationship to the type of food 
ingested. There was no history of hemoptysis, hem- 
atemesis, melena, diarrhea, jaundice, or weight loss. 

The patient has been in the Italian theater of war 
seventeen months, and admitted occasionally par- 
taking of unauthorized native food. No history of 
abdominal complaints prior to the onset of the 
present symptoms could be elicited. 

_ The physical examination was essentially nega- 
live. No tenderness and no palpable masses were 


Fig. 4. Ascaris lumbricoides, expelled after adminis 

tration of a vermifuge 
detected on examination of the abdomen. Because 
the clinical pattern did not coincide with that of any 
definite disease entity, the admission diagnosis was 
functional gastro-intestinal disease. 

Laboratory Findings: The red blood cell count 
was 4,400,000; white cells 8,950; hemoglobin 85 
per cent. The differential count was: eosinophils 
2 per cent, stab forms 2 per cent, polymorphonu 
clears 54 per cent, lymphocytes 38 per cent, mono- 
cytes 4 per cent. The Kahn test was negative. Gas- 
tric analysis was within normal limits. Five stool 
specimens were negative for ova or parasites. 

X-Ray Examination: A gastro-intestinal exam- 
ination was done on April 8, 1945, and no organic 
lesion was demonstrable in the esophagus, stomach, 
or duodenum. During fluoroscopic observation of 
the small intestine, a filling defect with a configur- 
ation resembling a round worm, 15 to 20 cm. in 
length and 5 mm. in thickness, was detected in the 
jejunum (Figs. 1 and 2). This area was obliterated 
in a few moments by the thick barium column, and 
shortly thereafter spasm of the small intestine oc- 
curred at this site (Fig. 3). Several attempts were 
made, without success, to visualize the intestinal 
tract of the parasite following its ingestion of the 
barium meal. Following the radiographic demon- 
stration of the parasite, efforts to isolate the ova or 
worms from stool specimens on five occasions were 
futile. 
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Treatment: On April 12, Caprokol (hexylresor- 
cinol crystoids) therapy was initiated. The patient 
was given 1.0 gm. (total) in the morning on a fasting 
stomach, followed two hours later by a saline purge. 
Eighteen hours later, a female Ascaris ten inches in 
length (Fig. 4) was recovered from the stool. The 
patient became asymptomatic and was discharged 
to duty April 14, 1945. 


COMMENT 

Ascariasis is endemic in the Italian the- 
ater, where soil pollution is common and 
human excrement is the fertilizer of pref- 
erence. The soldier undoubtedly con- 
tracted the infestation in an Italian home 
or restaurant. Itis relatively unusual for a 
patient to harbor round worms in the in- 
testinal tract and exhibit persistently nega- 
tive stool specimens. In our institution, 
we have had numerous cases of ascariasis 
which were diagnosed in the laboratory 
with subsequent roentgenologic confirma- 
tion, but only one case was diagnosed by 
roentgen studies with failure to confirm 
the diagnosis by repeated careful stool ex- 
aminations. 

The roentgen findings are diagnostic, but 
are not infrequently overlooked. The 
diagnosis of round worm infestation is de- 
pendent on careful scrutiny of the small 
intestine during fluoroscopic examination. 
Thorough examination of the upper small 
gut cannot be too strongly stressed. The 
characteristic shadow is apparent for only 
a very short period, after which it is en- 


Cc 


. WEIR September 1946 
tirely obliterated by the descent of larger 
amounts of the barium meal. The almost 
invariable negativity of subsequent roy. 
tine radiographs is thus readily explained, 
Spasm of the small intestine, previous|, 
mentioned as occurring at the location of 
the parasite, may be present during the 
routine filming. 

The chest film in the case recorded here 
was essentially negative, but infiltrative 
pulmonary lesions are not infrequently pro- 
duced during the passage of the larvae 
from the capillaries into the alveoli. The 
lesions are the result of hemorrhage and 
allergic cellular reaction which may simu- 
late pulmonary tuberculosis, atypical pneu- 
monia, or any other patchy, infiltrative 
pneumonic process. 


SUMMARY 


A discussion of round worm infestation 
is presented and a case of ascariasis which 
was diagnosed roentgenographically is re- 
corded. 


3518 Crittenden St. 
St. Louis, Mo. 
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ETROPERITONEAL tumors frequently 
eidme roentgenographic evidence of 
their presence by displacement of the 
kidneys and or ureters or rotation of the 
kidneys. The types of renal rotation are 
summarized and illustrated by Weyrauch 
(J. Urol. 41: 877, 1939) as torsion about the 
vertical axis, about the anteroposterior 
axis, and about the horizontal axis (axis 
of the renal pelvis). He discusses the 
mechanisms of displacement and torsion 
by intrarenal and extrarenal retroperi- 
toneal masses and presents (among others) 
two cases which show a pure rotation of 
the kidney about the vertical axis, so as to 
direct the pelvis of the kidney anteriorly. 
In each patient a retroperitoneal extra- 
renal mass was found. In his discussion 
Weyrauch comments on the possibility of 
confusing acquired rotation about the ver- 
tical axis with congenital failure of rota- 
tion from the fetal position in which the pel- 
vis is directed anteriorly. A patient with 
acquired bilateral and symmetrical renal 
rotation about the vertical axis was re- 
cently observed at this hospital. 


A colonel, age 48, complained of abdominal dis- 
comfort and distention, belching, weakness, and 
marked weight loss. He appeared cachectic and pre- 
sented a firm fixed tumor somewhat larger than half 
a grapefruit in the mid-line of the abdomen. Mod- 
erate ascites was present. Detailed laboratory 
studies were non-contributory. Retrograde pyelog- 
raphy (Fig. 1) demonstrated a rotation of both 
kidneys about the longitudinal axis so that the 
pelves projected anteriorly. The symmetry of this 
rotation suggested a bilateral congenital failure of 
rotation of the kidneys rather than displacement or 
torsion by a tumor, but the presence of a palpable 
mass and lateral displacement of both upper ureters 
prompted a clinical diagnosis of retroperitoneal 
tumor. Exploratory laparotomy revealed a hard, 
nodular retroperitoneal mass, measuring 16 cm. in 
greatest diameter, lying in the mid-line at about the 
2nd lumbar level. It was fixed to retroperitoneal 
structures posteriorly and could not be removed. 
The histologic diagnosis was malignant follicular 


lymphoma. 


‘ From the Department of Radiology, O’Reilly General Hospital, Springfield, Mo. 
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Symmetrical Renal Rotation About the Vertical Axis’ 


CAPT. BENJAMIN R. VAN ZWALUWENBURG, M.C., A.U.S., and MAJ. LUCIEN M. PASCUCCI, M.C., A.U.S. 








Fig. 1. Retrograde pyelogram demonstrating lateral 
displacement of both kidneys and proximal third of 
ureters. It also shows bilateral symmetrical renal 
rotation with pelves directed anteriorly 






In the differential diagnosis between 
torsion of the kidneys by a retroperitoneal 
mass and congenital failure of rotation in 
this case the presence of a mid-line ab- 
dominal mass was the most obvious and 
practical differential point. In addition 
to the rotation of the kidneys, the antero- 
posterior projection shows the upper 
ureters to be moderately curved (due to 
lateral displacement by the tumor) in 
contrast to the relatively straight appear- 
ance of the ureter found in congenital fail- 
ure of rotation. (Lateral or oblique pro- 
jections might have demonstrated anterior 
displacement of the kidney and upper ure- 
ter by a retroperitoneal mass. ) 


207 Metz Bldg. 
Grand Rapids, Mich. 
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The Dose of Radiation 


Webster defines the word ‘‘dose’’ as 
‘the measured quantity of medicine to be 
taken at one time or in a given period of 
time; a definite quantity or portion, usu- 
ally small, of anything regarded as having 
a remedial or beneficial influence.’’ ‘*Dos- 
age’’ is defined as “‘the administration of 
medicine in doses, especially in graded 
doses, according to age, etc.’ Years of 
usage have confirmed a definite concept 
associated with these words. An ounce of 
castor oil may confidently be expected, 
with minor variations, to produce a defi- 
nite result. Five or ten grains of aspirin 
may be relied upon to relieve certain symp- 
toms. These medications are measured in 
simple units which are related to the effect. 
The pharmacological action of most drugs 
in common use is well understood. 

With radiation therapy, these condi- 
tions do not apply. Yet the terms ‘‘dose’’ 
and ‘‘dosage’’ are used analogously, refer- 
ring to an amount of radiant energy di- 
rected at the patient in a period of time, 
with the object of palliation or even with 
the hope of cure. A somewhat different 
significance attaches to the compound 
““depth-dose,’’ wherein the term dose in its 
customary sense is justified neither by the 
conditions of irradiation nor by the knowl- 
edge of action of the ‘‘medication.’’ Clari- 
fication of the meaning behind these terms 
is one of the steps most urgently needed for 
the further improvement of radiation ther- 
apy. 

The physical aspects of dosage measure- 
ment are far in advance of the pharma- 
cological and cytological. The general 
acceptance of the roentgen, even by der- 
matologists, has produced a real advance 
toward a scientific understanding of radia- 
tion therapy. ‘This unit is a convenient 


measure of the energy capacity of a beam: 
it has made possible duplication of beams 
of similar energy potentials and has thrown 
much light on the problem of back-scatter 
and its important relationship to energy 
absorption in the body. Because of an as- 
sumed analogy to such units of dosage as 
grains, grams, or cubic centimeters, there 
is a strong tendency to regard the amount 
of radiation expressed in r in the same 
category, for example, as that of digitalis 
expressed in grains. This is misleading. 
It is not yet possible to say that the average 
adult dose of radiation is 200 r, 2,000 r, 
20,000 r, or any other specific amount. 
The literature contains countless _refer- 
ences to basal-cell carcinomas cured by 
6,000 r and an equal number in which such 
amounts or even larger ones have failed. 
These variations in results arise from 
profound physical, pharmacological, and 
cytological factors which are imperfectly 
understood. The danger is that this ig- 
norance will be forgotten in the ease of ex- 
pression of dosage in terms of the roentgen. 

The term ‘“‘depth-dose,”’ as usually em- 
ployed, signifies the amount of radiation 
at a certain point below the surface and it, 
too, is expressed in roentgens, the figure 
used being obtained from isodose curves 
made from phantom measurements. This 
is the best method at present to express in a 
quantitative sort of way the idea of the 
radiation applied to a deep-seated tumor. 
But it is at best only an approximation. 
Small variations in the half-value layer of 
the primary beam will introduce larger 
variations in the energy released within the 
body. Although the roentgen is inde- 
pendent of wave length and although no 
specificity of tissue effect has been shown 
for any wave length, differences in the 
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latter produce differences in the energy 
transformed at any given depth. The 
quantitative relations between the wave 
length and the effect on cells are not com- 
pletely worked out. Measurements in a 
phantom fail to take into account the dif- 
ferences in absorption and scattering in 
different types of tissue encountered in 
practice. Wave length changes induced 
by scattering may introduce significant 
variations in the amount of energy released 
at any point below the surface. The use 
of the depth dose as a quantitative measure- 
ment is justified only when these limita- 
tions are kept in mind. 

A wealth of information is available 
upon the effect of radiation on various 
types of cells 7m vivo and in vitro. This 
information, however, is as yet imperfectly 
related to the effect upon tissues, normal 
and abnormal, in the patient. The great 
complexity of the problem accounts for 
the slow accumulation of scientific data. 
No cancer or benign mixture of tissues con- 
tains a single cell type. The simplest 
neoplasm is made up of cells of varying 
growth rates and characteristics, each of 
which will respond differently to radiation. 
An even more extensive variety of cell 
types is presented by the tumor bed. All 
of these cells will react differently to the 
same quantity of radiation. Some will be 
killed outright, some will be destroyed 
after a latent period, some will show altera- 
tions in mitosis, some will degenerate, and 
some will differentiate. The rate of 
change will vary from cell to cell. Success- 
ful radiation therapy, on a scientific basis, 
must take all these variations into account. 

The general constitutional effects which 
are known to follow irradiation are also 
imperfectly understood. So far, no quan- 
titative relationship has been established 
between constitutional effects and dosage. 

Radiation therapy has made great strides. 
The introduction of the roentgen, increas- 
ing knowledge of filtration, and the em- 
ployment of higher voltages have produced 
gradual improvement in statistical _re- 
sults. These results, however, have all 
been interpreted empirically, and atten- 
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tion has been directed toward their im- 


provement by trying different wave 
lengths, different voltages, different time- 
spacing of the dose, without sufficient 
regard to the complex individual varia- 
tions in responsiveness of the disease 
treated and the reparative potentials in- 
herent in the individual. 

Progress is being made toward more ac- 
curate cytological and biological informa- 
tion upon which to formulate a scientific 
dosage system for radiation. The concept 
and measurement of the integral or volume 
dose (1) should greatly advance knowl- 
edge of constitutional over-all factors and 
should assist in the selection of appro- 
priate technics for specific conditions. 
Preliminary steps have also been taken 
in the cytological analysis (2) of tumors 
and tumor beds, which should eventually 
lead to a solid scientific foundation on 
which to base selection of wave length, 
fractionation, and total dosage. Con- 
structive work has been started in un- 
tangling the complex question of distri- 
bution of energy released at points below 
the surface (3), with a more definite rela- 
tion to actual conditions than the approxi- 
mations now in use. Progress along these 
lines will be hastened if the limitations of 
present dosage methods are kept in mind. 

SYDNEY J. Hawcey, M.D. 
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REFRESHER COURSES: POST-GRADUATE INSTRUCTION 





A series of Refresher Courses will be presented at 
the time of the meeting of the Radiological Society 
of North America, at the Palmer House, Chicago, 
Dec. 1-6, 1946. 

These courses of post-graduate instruction will be 
given from 2 to 5 p.m. and 7 to 9 p.m. on Sunday, 
Dec. 1, and from 8:30 to 10 a.m. daily thereafter 
during the meeting. No meetings will be scheduled 
for these hours, and the courses have been so ar- 
ranged that those interested in a particular subject 
may enroll in a related series, as far as possible. 

Admission will be by ticket only, and reservations 
will be made in the order in which applications are 
received. Non-members will be charged $2.00 for 
each course, up to a maximum of $5.00 for the entire 


series. Reserve officers still on active duty, residents 


Sunday, 3-5 P.M. 


Clinical, Pathological, and Roentgenologic 
Findings in Generalized Bone Diseases 


JOHN D. CAMP, M.D., and DAVID G. PUGH, M_D. 
Mayo Clinic, Rochester, Minn. 


Course No I: 


Changes in bone due to certain metabolic, nutri- 
tional, and endocrine disorders will be considered. 
The roentgenologic aspect of these malacic diseases 
will be emphasized, but relevant clinical and patho- 
logic findings will also be discussed. 


Course No. 2: Sunday, 2—-3:30 P.M. 


Differential Diagnosis of Abdominal Tumors 


SAMUEL BROWN, M.D. 
Cincinnati, Ohio 


A discussion of the roentgen diagnosis of extra- 
gastro-intestinal tumors, based upon the underlying 
anatomical principle that the stomach and bowels 
are, relatively speaking, freely movable and bear a 
constant relationship to the adjacent organs. In 
the examination of a large number of abdominal 
tumors more or less characteristic alterations were 
often found in the position, shape, and contour of the 
stomach and bowels, thus'making it possible to deter 
mine with a high degree of accuracy the origin of a 
new growth. 


Course No. 3: Sunday, 3:30-5 P.M. 


Intravaginal Radiation Therapy 


W. WALTER WASSON, M.D. 
Denver, Colo. 
This is a presentation of the indications and con 
traindications for intravagmal radiation therapy. 
The technic and dosage will be given for both x-ray 


—<——— 


and fellows in radiology will be exempt from these 
charges. 

Read the description of the courses, noting par- 
ticularly the days upon which they are offered: study 
the Plan of Presentation and select carefully your 
choice for each day, as the number attending 
each course will be limited. If the directions listed 
on the Plan of Presentation and Instructions for En. 
rollment are observed, errors will be avoided. 

If the Refresher Courses are not filled by the time 
of the meeting, tickets will be available at the regj- 
stration desk, Sunday, Dec. 1, and thereafter. 

It may be necessary to alter or revise some of the 
courses and to change some of the instructors. We 
shall, however, adhere as closely as possible to the 
choices made. 


and radium. Another method for the application of 
radium will be offered for consideration. There 
will be a discussion of the results of these methods 
of treatment together with delayed reactions. 


Course No. 4: Sunday, 7-9 P.M. 


Use of Radioactive Isotopes in Diagnosis 
and Therapy 
B. V. A. LOW-BEER, M.D. 
University of California 
San Francisco, Calif. 


2. Use of Radioactive Phosphorus in the 
Treatment of the Blood Dyscrasias. 


EDWARD H. REINHARD, M.D. 


Washington University 
St. Louis, Mo. 


Discussion of present stage of development and use 
of radioactive isotopes in diagnosis and therapy. Dr. 
Reinhard will also give a brief discussion of radio- 
active iodine. Results to date will be summarized. 


Course No. 5: Sunday, 7-9 P.M. 
Film Reading Session 


MERRILL C. SOSMAN, M.D. 
Boston, Mass. 


Presiding 


JOHN D. CAMP, M.D., Rochester, Minn. 
L. HENRY GARLAND, M._D., San Francisco, Calif. 


Those attending this course are invited to bring 
roentgenograms of unusually interesting or difficult 
cases for discussion. Only cases with proved diag- 
noses should be submitted. Cases can be presented 
from films, but standard size lantern slides would be 
helpful for presentation to a larger audience. 
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Course No. 6: Monday, 8:30-10 A.M. 


Roentgenological Classification of the 
Pneumonias with Special Reference to the 
Structures Involved 


L. R. SANTE, M.D. 
St. Louis, Mo. 


In recent vears many causes have been found for 
pneumonia other than the pneumococcus. Many of 
these pneumonias have been described as atypical 
pneumonias of unknown etiology. The etiologic 
agents for these unusual forms are so multiple and 
varied that they may cause confusion to the radi- 
ologist. To clarify the situation, a comparative 
study of the roentgen manifestations of the various 
types of pneumonia with the pathological pictures 


which they produce has been undertaken. 


Course No. 7: Monday, 8:30-10 A.M. 


Classification, Diagnosis, and Treatment of 
Cancer of the Skin 


BERNARD P. WIDMANN, M.D. 
Philadelphia, Penna. 


Discussion of diagnosis, classification, how and 
why cancer of the skin should be treated. 


Course No. 8: Monday, 8:30-10 A.M. 


Diagnosis of Diseases of the Gallbladder, 
Pancreas, and Mesentery 


BYRL R. KIRKLIN, M.D. 
Mayo Clinic 
Rochester, Minn. 
Cholecystography by the oral method with 
emphasis on the necessity of care in administer 
ing dye and interpretation of the cholecysto 
graphic response. Crriteria of distinction be 
tween normal and abnormal response will be 
presented with illustrative cholecystograms. 
a) Disclosure of tumors of the pancreas with 
aid of opaque ingesta. 
5) Roentgenographic demonstration of pan- 
creatic calculi. 
c) Differential diagnostic points, including 
mesenteric pathology. 


Courses Nos. 9 and 14: Monday and Tuesday, 
8:30-10 A.M. 


Roentgenology of the Urinary Tract 


ROBERT P. BARDEN, M.D., GEORGE W. CHAMBERLIN, 
MD. B.S., Sc.D., and P. BOLAND HUGHES, M.D. 
(by invitation) 
University of Pennsylvania 
Philadelphia, Penna. 


Course requires two days: the first three items 


being considered on the first day and the second 
three on the second day.) 
1. Roentgen methods and materials. 
(a) Evaluation of types of examination. 
(6) Uses and limitation of roentgen proce 
dures. 
(c) Dangers of urography. 
The normal urinary tract. 
(a) Physiology. 
(b) Anatomy. 
(c) Roentgen interpretation. 
Anomalies and variants. 
(a) Embryology of some of the common 
anomalies. 
(b) Role of anomalies in development of 
disease 
(c) Late results of anomalies. 
Roentgen interpretation of genito-urinary tract 
disease. 
(a) Stones. 
(b) Infections. 
(c) Tumors. 
(d) Cysts. 
(e) Miscellaneous. 
Value of urography in disease primarily out- 
side of the urinary tract. 
(a) Aneurysms. 
(6) Retroperitoneal tumors and infections. 
Cystoscopy and urethrography. 


Courses Nos. 10 and 15: Monday and 
Tuesday, 8:30-10 A.M. 


Roentgenologic Diagnosis and Treatment of 
Diseases of the Brain and Spinal Cord 


Staff of the University of Illinois College of Medicine 


T. J. WACHOWSKI, M.D. 
Presiding 


Historical Aspects and Consideration of Skull Fractures 
A. J. PETERSEN, M.D. (by invitation) 


Plain Film Skull Findings in Neurological Surgery 
ERIC OLDBERG, M.D. (by invitation) 


Skull Diagnostic Procedures by Contrast Media 
PERCIVAL BAILEY, M.D. (by invitation) 


The Spine in Neurological Surgery 
PAUL C. BUCY, M.D. (by invitation) 


Radiation Therapy of Diseases of the Nervous System 


ROGER T. HARVEY, M.D. (by invitation) 


(This course requires two days 

Brief historical review of the roentgenological 
methods used in neurologic diagnosis echnical 
procedures with and without contrast media. Inter 
pretation of roentgenograms with correlation of 
clinical and pathological findings. Discussion of 
how, when, and why radiation therapy should be 
given. 

Discussion period at each session 





i. 


2. 


3. 


SUNDAY 
2-5 P.M. 


Clinical, Pathological, and 
Roentgenologic Findings in 
Generalized Bone Diseases 


3-5 P.M. 


John D. Camp, M.D. 
David G. Pugh, M.D. 


Differential Diagnosis of Ab- 
dominal Tumors 


2-3:30 P.M. 


Samuel Brown, M.D. 


Intravaginal Radiation Ther- 
apy. 


3:30-5 P.M. 


W. Walter Wasson, M 


7-9 P.M. 


Use of Radioactive Isotopes in 
Diagnosis and Therapy 

B. V. A. Low-Beer, M.D. 
Use of Radioactive Phosphorus 
in Treatment of Blood Dyscra- 
sias 


Edward H. Reinhard, M.D. 


Film Reading Session 
Merrill C. Sosman, M.D. 
John D. Camp, M.D. 

L. Henry Garland, M.D 


10. Roentgenologic 


Plan of Presentation 


MONDAY 
8:30-10 A.M. 


Roentgenological Classifica- 
tion of the Pneumonias with 
Special Reference to the 
Structures Involved 


L. R. Sante, M.D. 


7. Classification, Diagnosis, and 12. 
Treatment of Cancer of the 


in 
Bernard P. Widmann, M.D. 


Diagnosis of Diseases of the 
Gallbladder, Pancreas, and 
Mesentery 

Byrl R. Kirklin, M.D. 


Roentgenology of the Urin- 
ary Tract (Continued Tues- 
day) 
Robert P. Barden, M.D. 
Geo. W. Chamberlin, M.D. 
P. Boland Hughes, M.D. 


Diagnosis 
and Treatment of Diseases of 
the Brain and Spinal Cord 
(Continued Tuesday) 

T. J. Wachowski, M.D. 

A. J. Petersen, M.D. 

Eric Oldberg, M.D. 

Percival Bailey, M.D. 

Paul C. Bucy, M.D. 

Roger T. Harvey, M.D. 
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TUESDAY 
8:30-10 A.M. 


Clinical Pathological Signiti. 
cance and Differential Diag- 
nosis of Segmental Collapse 
of the Lungs 

Laurence L. Robbins, M_D. 


Practical Problems in X-ray 
Dosage Measurements 
J. L. Weatherwax, M.S. 


Diseases of the Esophagus, 
Stomach, and Duodenum: 
Panel Discussion (Continued 
Wednesday) 

F. H. Squire, M.D. 

James B. Eyerly, M.D. 

H. C. Breuhaus, M.D. 

G. M. Hass, M.D. 

John M. Dorsey, M.D. 

E. H. Fell, M.D. 


Roentgenology of the Urinary 
Tract (Continued from Mon- 
day) 


Roentgenologic Diagnosis and 
Treatment of Diseases of the 
Brain and Spinal Cord (Con- 
tinued from Monday) 
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16. Classification, Interpretation, 
and Standards of Miniature 


Chest Films 


17. Practical Problems in Radium 
Dosage Measurements 


Diseases of the Esophagus, 
Stomach, and Duodenum: 
Panel Discussion (Continued 
from Tuesday) 


Skeletal Disorders with Oc- 
casional Discussion of the Dif- 
ferential Diagnosis between 
Arthritis and Attrition (Con- 
tinued Thursday) 

L. Henry Garland, M.D. 


When, Why, and How Should 
Carcinoma of the Breast Be 
Treated? 


Herbert E. Schmitz, M.D. 


Plan of Presentation 


THURSDAY 
8:30-10 A.M. 


21. Clinical and Roentgenologic 
Aspects of Bronchography 
L. W. Paul, M.D. 


22. Classification and Treatment 
of Carcinoma of the Female 
Genital Tract 

A. N. Arneson, M.D. 


23. Roentgenologic Findings in 
the Study of the Small In- 
testine 


Robert P. Ball, M.D. 


Skeletal Disorders with Oc- 
casional Discussion of the 
Differential Diagnosis be- 
tween Arthritis and Attrition 
(Continued from Wednes- 
day) 


Classification, Diagnosis, and 
Evaluation of the Different 
Forms of Treatment of Can- 
cer of the Oral Cavity, Phar- 
ynx, and Larynx (Continued 
Friday) 

Juan A. del Regato, M.D 





26. Cancer of the Male Genital 
Tract 
Milton Friedman, M.D. 


27. Classification, Diagnosis, and 
Treatment of Benign Lesions of 
the Female Genital Tract 


James A. Corscaden, M.D. 


28. Roentgenologic Diagnosis of 
Diseases of the Colon 


nA Punch MD 
David G. Pugh, M.D. 


29. Roentgenologic Manifestations 
of Acute Abdominal Diseases 
Leo G. Rigler, M.D 


Classification, Diagnosis, and 
Evaluation of the Different 
Forms of Treatment of Can- 
cer of the Oral Cavity, Pharynx, 
and Larynx (Continued from 
Thursday) 
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Course No. 11: Tuesday, 8:30-10 A.M. 


Clinical Pathological Significance and 
Differential Diagnosis of Segmental Collapse 
of the Lungs 


LAURENCE L. ROBBINS, M.D. (by invitation) 


Massachusetts General Hospital 
Boston, Mass. 


The significant factors in the roentgen diagnosis 
of collapse of a lung, a lobe, and the various segments 
thereof will be presented. Certain structures seen 
in the normal chest as they pertain to collapse and 
the major technical requirements will be brought out. 
It is known that accurate roentgen diagnosis depends 
on recognition of the fundamental process as seen on 
the films in addition to certain clinical observations; 
the important points will be emphasized. 


Course No. 12: Tuesday, 8:30-10 A.M. 


Practical Problems in X-Ray Dosage 
Measurements 


J. L. WEATHERWAKX, M.S., Physicist 


American Oncologic Hospital 
Philadelphia, Penna. 


1. Effect of kilovoltage, milliamperage, filtra- 
tion, and focal-skin distance on the radiation roent- 
gen output of an x-ray machine as measured in air. 

2. Effect of quality of radiation, size of field, and 
depth of underlying tissue on back-scatter. 

3. Effect of quality of radiation, size of field, and 
focal-skin distance on penetration of the radiation 
into the tissue, or depth dose. 

4. Isodose charts. Determination of radiation 
intensity in roentgens, and quality in half-value 
layer and effective wave length. 

5. Seattering and total absorption of photons in 
the tissue. 

6. Discussion of the record sheet as recommended 
by Standardization Committee of the Radiological 
Society of North America. 


Courses Nos. 13 and 18: Tuesday and 
Wednesday, 8:30-10 A.M. 


Diseases of the Esophagus, Stomach, and 
Duodenum: Panel Discussion 


FAY H. SQUIRE, M.D. 
Presiding 


JAMES B. EYERLY, M.D., H. C. BREUHAUS, M_D., 
JOHN M. DORSEY, M.D., E. H. FELL, M.D., and G. M. 
HASS, M.D. 


Staff of Presbyterian Hospital, University of Illinois 


(Rush) Medical School, Caicago, Illinois 
(By Invitation) 


1. Medical Aspects of Diseases of the Esophagus, 
Stomach, and Duodenum 


JAMES B. EYERLY, M.D. 


September 1946 


2. Gastroscopic Findings in Diseases of the Stomach 
H. C. BREUHAUS, M.D. 
3. Radiological Examination of the Stomach and Duo 
denum, Demonstrating Pathological Changes 
F. H. SQUIRE, M.D. 
4. Pathological Anatomy of Esophagus, Stomach, and 
Duodenum 
G. M. HASS, M.D. 
5. Surgery of the Esophagus 
JOHN M. DORSEY, M.D. 
6. Surgery of the Stomach and Duodenum 
E. H. FELL, M.D. 


Course No. 16: Wednesday, 8:30-10 AM 


Classification, Interpretation, and Standards 
of Miniature Chest Films 


HERMAN E. HILLEBOE, M.D., Medical Director, Chief 


Tuberculosis Control Division, U. S. Public Health 
Service, Washington, D. C. (Bethesda Station) 
Presiding 


Assisted by 
RUSSELL H. MORGAN, M.D. 
DAVID MARSHALL GOULD, M_D. 


This course will include the procedures used by 
the Tuberculosis Control Division in demonstrations 
on mass radiography surveys. Sample films will 
be shown demonstrating the various types of lesions 
encountered; the difficulty in interpretation of vari- 
ous tuberculous lesions will be pointed out; _ the 
codes used in classifying x-ray lesions and the per- 
centage of error in small film interpretations will 
be discussed. 


Course No. 17: Wednesday, 8:30-10 A.M. 


Practical Problems in Radium Dosage 
Measurements 


EDITH H. QUIMBY, Sc.D. Physicis 


Columbia University 
New York, N. Y. 


The development of dosage units for radium 
therapy will be traced briefly. Various charts and 
tables for determination of dosage in roentgens will 
be presented, and precautions regarding their use 
discussed. Most of the period will be devoted to 
working out practical problems. (An exhibit on 
radium dosage calculation will probably be pre- 
sented. ) 


Courses Nos. 19 and 24: Wednesday and 
Thursday, 8:30-10 A.M. 


Skeletal Disorders with Occasional Dis- 
cussion of the Differential Diagnosis between 
Arthritis and Attrition 


L. HENRY GARLAND, M.D. 


San Francisco, Calif. 


(This course requires two days.) 
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The incidence, classification, pathological changes, 
and roentgen diagnosis of certain types of skeletal 
disorders, notably those involving joints, will be 


considered. The terminology used by different 
physicians for identical lesions will be reviewed. 
The value of the newer roentgenologic technics will 
be discussed. 


Course No. 20: Wednesday, 8:30-10 A.M. 


When, Why, and How Should Carcinoma of 
the Breast Be Treated? 


HERBERT E. SCHMITZ, M.D. 


Mercy Institute of Radiation Therapy 
Chicago, Ill. 


Discussion of grouping of breast cases and selection 
of treatment. 
(q) Those treated with radical surgery alone. 
(6) Those treated by simple mastectomy and bi- 
opsy plus irradiation. 
(c) Those treated by irradiation only. 
(¢) Observations and end-results in each group. 


Course No. 21: Thursday, 8:30-10 A.M. 


Clinical and Roentgenologic Aspects oi 
Bronchography 


L. W. PAUL, M.D. 


University of Wisconsin 


Madison, Wis. 


Advances in thoracic surgery have placed new 
demands upon roentgenologists for the accurate 
interpretation and localization of intrathoracic le 
sons. The present course will cover the clinical 
and roentgenologic aspects of bronchography and 
will include a discussion of the indications and con 
traindications for the procedure. A description of 
the technical aspects will be given with reference to 
anesthesia, introduction of the contrast substance, 
and radiographic procedure. A brief survey of 
bronchial anatomy and nomenclature will be pre- 
sented, followed by a demonstration of bronchograms 
showing the value and limitations of the method in 
the diagnosis of intrathoracic diseases. 


Course No. 22: Thursday, 8:30-10 A.M. 


Classification and Treatment of Carcinoma of 
the Female Genital Tract 


A. N. ARNESON, MD. 
St. Louis, Mo. 


The classification of cervical cancer will be dis 
cussed, as well as the gross appearance of different 
lesions and the relation of those findings to treat 
ment. An attempt will be made to discuss treat 
ment on the basis of arrangement of radium and 
the dose per source rather than specify total amounts 
of radiation that might be employed. Similar pro 
cedures will be applied to vaginal carcinoma. 


Preoperative irradiation, including the use of 
radium, will be discussed in considering the treat- 
ment of corpus cancer as well as the use of radiation 
alone in patients not suited to hysterectomy. Clini- 
cal results will be presented in a small group of 
patients with corpus cancer treated with multiple 
capsules of radium five or more years ago 


Course No. 23: Thursday, 8:30-10 A.M. 


Roentgenologic Findings in the Study of the 
Small Intestine 


ROBERT P. BALL, M.D. 


Presbyterian Hospital 
New York, N. Y. 


The session will include a discussion of the normal 
anatomy and the basic principles of intestinal move 
ments. The roentgenographic findings in disturb 
ances in motility and mucosal pattern of the small 
intestine, associated with primary and secondary 
nutritional deficiency states, will be illustrated and 
discussed. 


Courses Nos. 25 and 30: Thursday and 
Friday, 8:30-10 A.M. 


Classification, Diagnosis, and Evaluation of 
the Different Forms of Treatment in Cancer of 
the Oral Cavity, Pharynx, and Larynx 


JUAN A. del REGATO, M.D. 
The Ellis Fischel State Cancer Hospital, Columbia, Mo. 


(This course requires two days.) 

An anatomical classification of these tumors is 
necessary to an understanding and critical appraisal 
of the literature and for the presentation of reports 
that will bear comparison, as well as for a judicious 
choice of treatment and the establishment of a prog 
nosis. The classification allows a better discussion 
of the problems of differential diagnosis of cancer 
arising in the various anatomical points of origin. 
The most pertinent points of diagnosis, including 
removal of specimens for biopsy, aspiration biopsv, 
and value of roentgenograms will be discussed 

A major part of the course will be devoted to the 
evaluation of the relative merits of surgery, radium 
therapy, and roentgen therapy in the treatment of 
the different anatomical entities, with a special dis 
cussion of the indications and contraindications for 
prophylactic treatment of cervical metastases. 


Course No. 26: Friday, 8:30-10 A.M. 


Cancer of the Male Genital Tract 


MILTON FRIEDMAN, M.D. 


Department of Radiology, New York University 
New York, N. Y. 


Correlation of clinical, pathological, and roent 
genological findings in cancer of the male genital 
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tract, with discussion of when, why, and how it 
should be treated. 


Course No. 27: Friday, 8:30-10 A.M. 


Classification, Diagnosis, and Treatment of 
Benign Lesions of the Female Genital Tract 


JAMES A. CORSCADEN, M.D. (by invitation) 
New York, N. Y. 


Mvomata of the uterus are composed of tissue 
which requires no treatment. They become clini 
cally significant because of size, symptoms, and 
changes in the tumor mass. Uterine bleeding is the 
principal symptom. Its nature should always be 
established by a diagnostic curettage, whatever 
treatment is carried out. Treatment of fibroids is 
either by observation, by operation, or by induction 
of the menopause by irradiation of the ovaries. The 
choice of treatment depends upon its effect on 
symptoms and on the local lesion, its efficacy as a 
prophylactic measure, and upon the associated in- 
jury to the patient. 

Endometrial and cervical 
treated by excision. 

Ovarian eniargements are either (1) dysfunctional 
cysts, (2) endometriosis, or (3) neoplasms. Neo 
Endometriosis 


mucous polyps are 


plasms should always be removed. 
may be treated conservatively but is often operated 
upon. Dysfunctional cysts rarely require treatment. 
Their removal seldom affects symptoms. 


Course No. 28: Friday, 8:30-10 A.M. 


Roentgenologic Diagnosis of Diseases of the 
Colon 


DAVID G. PUGH, M.D. 
Mayo Clinic 
Rochester, Minn. 
The conduct of the examination of the large in- 
testine will be described and the criteria for the 
diagnosis of the lesions more frequently encountered 


there will be discussed. 





September 1946 


Course No. 29: Friday, 8:30-10 AM 


Roentgenologic Manifestations of Acute 
Abdominal Diseases 


LEO G. RIGLER, M.D. 


University of Minnesota 
Minneapolis, Minn. 


1. Roentgen technic in acute abdominal djs. 
orders: Special technical procedures are necessary 
in the handling of patients. Variations from the 
usual technic in the examination of the abdomen, 
the difficulties, and special procedures necessary wil] 
be detailed. 

2. Indications for roentgen examination in the 
acute abdominal disorders: The various acute proc 
esses in the abdomen in which roentgen examination 
is of great assistance in establishing either the di- 
agnosis or aiding in determining the extent and na 
ture of the process will be presented. 

3. Analysis of the scout film of the abdomen 
(a) The normal appearance of the roentgenogram of 
the abdomen without contrast medium. The soft 
tissue shadows, the appearance of the gastro-intesti 
nal tract with and without preparation and under 
varving conditions will be demonstrated. 

(6) The abnormal roentgenogram without con- 
trast medium. A discussion of the physiologic and 
pathologic factors in the production of changes in 
the abdomen will be undertaken. An analysis of the 
various findings which may be obtained with dif 
ferent types of acute abdominal disorders and their 
differential diagnosis will be presented. 

Demonstrations will be given of the x-rav findings 
in: 

(1) Peritonitis. 

(2) Intra-abdominal abscess. 

(3) Small intestinal obstruction. 
(4) Large intestinal obstruction. 

4. Value of x-ray examination in the acute ab- 
dominal disorders: An estimation of the reliability of 
the various x-ray signs and their contribution toward 
the practical handling of the patient will be pre- 
sented. 
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IN MEMORIAM 











Alexander B 


ISS 


Alexander B. Moore, who died in the Emergency 
Hospital, Washington, D. C., on March 9, 1946, was 
born at Aldie, Virginia, in 1883. He obtained his 
medical degree at the University of Virginia in 1907 
and practised for about a year at The Plains, Vir- 
ginia. In 1909 he entered the Radiological Depart- 
ment of the Mayo Clinic and continued there for 
more than twenty years. During the First World 
War he was on leave of absence from the Clinic and 
served with the A.E.F. in France, at first as Radio- 
logical Consultant with the First Army and later as 
Chief Radiological Consultant with the Second 
Army, with headquarters at Toul. In 1930 he joined 
the Radiological Clinic of Drs. Groover, Christie, 
and Merritt and for the remainder of his life was 
Chief of the Radiological Department of the Emer- 
gency Hospital in Washington, D. C. 


erkeley Moore 


3-1946 


Dr. Moore was a member of the Radiological 
Society of North America, of the American Roentgen 
Ray Society, which he served as President in 1930- 
31, and of the Medical Society of the District of 
Columbia. He was a fellow of the American 
Medical Association and of the American College of 
Physicians. 

“Sandy,”” as he was known to his friends every- 
where, had a great capacity for friendship. He had 
a genuine liking for people and an attractive per- 
sonality and facility of expression which drew others 
to him. He will be sadly missed for his kindly hu- 
man and companionable qualities, and among 
those closely associated with him in practice for his 
unusual and outstanding ability as a roentgenologi- 
cal diagnostician. 

ARTHUR C. CHRISTIE 
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ANNOUNCEMENTS AND BOOK REVIEWS 





RADIOLOGICAL SOCIETY OF 
NORTH AMERICA 


The Thirty-second Annual Meeting of the Radio- 
logical Society of North America will be held Dec. 1 
to Dec. 6 at the Palmer House, Chicago. The series 
of Refresher Courses, which has come to constitute 
so important a feature of the Annual Meeting, is 
outlined elsewhere in this issue. The program, now 
in course of preparation, will appear in the October 
number. 





— 


president. The other new officers are Dr. Edwin 
C. Ernst of St. Louis, Vice-President: Dr. Warren 
W. Furey of Chicago, Treasurer; Dr. Raymond ¢, 
Beeler of Indianapolis and Dr. Edgar C. Virden of 
Kansas City, Mo., members of the Board of Chan- 
cellors. Dr. Ralph Bromer of Bryn Mawr, Penna., 
becomes a member of the Board of Chancellors repre- 
senting the American Roentgen Ray Society, Dr 
Sydney J. Hawley of Seattle representing the 
Radiological Society of North America, and Dr. 


& 





Kaufman & Fabry Photo 


Chicago, Ill. Here the Thirty-second Annual Meeting of the Radiological Society of North America will be held, 
Dec. 1-6, 1946. 


AMERICAN RADIUM SOCIETY 


The newly elected officers. for the American 
Radium Society are as follows: Charles L. Martin, 
M.D., Dallas, President; A. N. Arneson, M.D., 
St. Louis, President-elect; Maurice Lenz, M.D., 
New York, First Vice-President; William S. Mac- 
Comb, M.D., New York, Second Vice-President: 
Hugh F. Hare, M.D., Boston, Secretary; Leland 
R. Cowan, M.D., Salt Lake City, Treasurer. The 
members of the Executive Committee are Frederick 
W. O’Brien, M.D., Boston; Hayes E. Martin, M.D., 
New York; William E. Costolow, M.D., Los Angeles. 


AMERICAN COLLEGE OF RADIOLOGY 


At the annual meeting of the American College of 
Radiology, held in San Francisco, June 29, Dr. Ed- 
ward H. Skinner of Kansas City, Mo., was elected 
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Douglas Quick of New York representing the Ameri- 
can Radium Society. 


PITTSBURGH ROENTGEN SOCIETY 


At the last business meeting of the Pittsburgh 
Roentgen Society the following officers were elected 
for the coming year: Harold W. Jacox, M.D., 
President, Wm. T. Rice, M.D., Vice-President, 
Lester M. J. Freedman, M.D., Secretary-Treasurer. 


AMERICAN COLLEGE OF PHYSICIANS 


The Twenty-eighth Annual Session of the Ameri- 
can College of Physicians will be held in Chicago 
Ill., April 28 to May 2, 1947. Dr. David P. Barr, 
New York, President of the College, will be in charge 
of the program of General Sessions and Lectures. 
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Dr. LeRoy H. Sloan, Chicago, has been appointed 
General Chairman, and will be in charge of the pro- 
gram of Hospital Clinics and Panels. Mr. Edward 
R. Loveland, Executive Secretary of the College, 
4200 Pine St., Philadelphia 4, will have charge of 
the general management of the session and the tech- 
nical exhibits. 


CANCER CONTROL REPORT 


A special committee of the National Advisory 
Cancer Council appointed in November 1944 by Dr. 
Thomas Parran, Surgeon General of the U. S. 
Public Health Service, has recently issued its report, 
with recommendations looking to an accelerated 
cancer control program. The report, which appears 
in the April issue of the Journal of the National 
Cancer Institute, recommends more comprehensive 
and better integrated courses in cancer at medical 
schools; an increase in the number of centers pre- 
pared to give postgraduate training in cancer, and 
the continuation and expansion of the various kinds 
of cancer-education activities for practising physi- 
cians that have been conducted in a number of com- 
munities. It is recommended further that the Na- 
tional Cancer Institute aid in the development of 
strategically located cancer centers, that it ex- 
pand its own research work and extend assistance to 
State health departments and other agencies in 
developing adequate cancer services. 

The members of the committee responsible for 
the report are Dr. George M. Smith, Yale Univer- 
sity School of Medicine, Dr. Frank Adair, Memorial 
Hospital for the Treatment of Cancer and Allied 
Diseases, New York City, and Dr. Sherwood Moore, 
Mallinckrodt Institute of Radiology, St. Louis, Mo, 


Books Received 


Books received are acknowledged under this 
heading, and such notice may be regarded as recog- 
nition of the courtesy of the sender. Reviews will be 
published in the interest of our readers and as space 
permits. 


X-Rays in Practice. By Wayne T. SPROULL, 
Pu.D., Physicist, Research Division, General 
Motors Corporation. A volume of 615 pages, 
with numerous illustrations. Published by Mc- 
Graw-Hill Book Co., Inc., New York 18, N. Y. 
Price $6.00. 


ANNOUNCEMENTS AND BooK REVIEWS 
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Précis DE Rapio-Dr1aGnostic. By P. VAN Pé&e, 
Professor, University of Liége. A volume of 382 
pages, with 276 illustrations. Published by Mas- 
son & Cie, Editeurs, Paris, 1944. 


JOURNAL OF THE HISTORY OF MEDICINE AND ALLIED 
ScreENcESs, Volume I, No. 1, January 1946. 
GEORGE ROSEN, Editor. Published quarterly by 
Henry Schuman, New York. 


Book Reviews 


THE TRAUMATIC DEFORMITIES AND DISABILITIES 
OF THE UPPER EXTREMITY. By ARTHUR STEIND- 
LER, M.D., F.A.C.S., Pyofessor and Head of the 
Department of Orthopedic Surgery, The State 
University of Iowa, in collaboration with JOHN 
Louis MArRxXER, M.D., Associate, Orthopedic 
Department, The State University of Iowa. A 
volume of 515 pages with 1048 illustrations. Pub- 
lished by Charles C Thomas, Springfield, IIl., 
1946. Price $10.00. 


The vast amount of material on trauma of the 
upper extremity, as stated in the foreword of this 
volume by Steindler and Marxer, precludes the 
utilization of any one man’s clinical experience. 
The authors, therefore, have found it necessary at 
times to call on others for contributions. 

The volume is an excellent reference book for the 
trained orthopedist. The subject matter is pre- 
sented in a logical, well outlined manner. An early 
chapter deals in a general way with the production 
of deformities resulting from trauma. In the dis- 
cussion of the individual deformities, corrective 
measures are presented which include physiotherapy 
and plastic and reconstructive surgery. A large 
number of conditions are described, with detailed 
accounts of various treatments which are accepted. 
Accurate descriptions of the lesions are given with 
the authors’ opinion of the corrective measures 
outlined in the light of their own very considerable 
experience. 

Careful attention is given to the anatomy of the 
part involved, as well as to the pitfalls to be avoided 
in correction. Pertinent case reports with excellent 
illustrations are included. 

For one unfamiliar with any particular operation 
or procedure, this book serves as a starting point 
for reading. A complete bibliography is supplied 
for further reference. The volume is a worthy 
successor to Dr. Steindler’s Operative Orthopaedics. 











RADIOLOGICAL SOCIETIES OF NORTH AMERICA 








Editor's Note-—Will secretaries of societies please co- 
operate by sending information to Howard P. Doub, 
M.D., Editor, Henry Ford Hospital, Detroit 2, Mich. 


UNITED STATES 

Radiological Society of North America.—Secretary, D. S. 
Childs, M.D.,607 Medical Arts Bldg.,Syracuse 2, N.Y. 

American Roentgen Ray Society.—Secretary, Harold 
Dabney Kerr, M.D., Iowa City, Iowa. 

American College of Radiology—Secretary, Mac F. 
Cahal, 20 N. Wacker Dr., Chicago 6, III. 

Section on Radiology, American Medical Association. — 
Secretary, U. V. Portmann, M.D., Cleveland Clinic, 
Cleveland 6, Ohio. 

ARKANSAS 

Arkansas Radiological Society—Secretary, Fred Hames, 

M.D., Pine Bluff. Meets every three months and 

annually at meeting of State Medical Society. 


CALIFORNIA 


California Medical Association, Section on Radiology. 
Secretary, D. R. MacColl, M.D., 2007 Wilshire Blvd., 
Los Angeles 5, 

Los Angeles County Medical Association, Radiological 
Section.—Secretary, Roy W. Johnson, M.D., 1407 South 
Hope St., Los Angeles. Meets second Wednesday of 
each month at County Society Building. 

Pacific Roentgen Society.—Secretary, L. Henry Garland, 
M.D., 450 Sutter St., San Francisco 8. Meets an- 
nually with California Medical Association. 

San Diego Roentgen Society.—Secretary, R. F. Niehaus, 
M.D., 1831 Fourth Ave., San Diego, Calif. Meets 
first Wednesday of each month. 

San Francisco Radiological Society.—Secretary, Joseph 
Levitin, M.D., 516 Sutter St., San Francisco 2. Meets 
monthly on the third Thursday at 7:45 p.m., first six 
months of the year in Lane Hall, Stanford University 
Hospital, and second six months in Toland Hall, Uni- 
versity of California Hospital. 


COLORADO 
Denver Radiological Club.—Secretary, A. Page Jackson, 
Jr., M.D., 304 Republic Bldg., Denver 2. Meetings 
third Friday of each month, Denver Athletic Club. 


CONNECTICUT 


Connecticut State Medical Society, Section on Radiology. 
—Secretary, Max Climan, M.D., 242 Trumbull St., 
Hartford 3. Meetings bimonthly, second Thursday. 


FLORIDA 
Florida Radiological Society.—Secretary-Treasurer, 
Maxey Dell, Jr., M.D., 333 West Main St., S., Gaines- 
ville. 

GEORGIA 
Georgia Radiological  Society.—Secretary-Treasurer, 
James J. Clark, M.D., 478 Peachtree St., N. E., At- 
lanta 3. Meets in November and at the annual meet- 
ing of State Medical Association. 


ILLINOIS 


Chicago Roentgen Soc iely Sec retary, Fay H. Squire, 
M.D., 1753 W. Congress St., Chicago 12. Meets at the 


Palmer House, second Thursday of October, November, 
January, February, March, and April. 
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Illinois Radiological Society.—Secretary-1 reasurer, Wil- 
liam DeHollander, M.D., St. Johns’ Hospital, Spring. 
field. Meetings quarterly by announcement. 
Illinois State Medical Society, Section on Radiology,— 
Secretary, Frank S. Hussey, M.D., 250 East Superior 
St., Chicago 11. 

INDIANA 
The Indiana Roentgen Society.—Secretary- Treasurer, 
J. A. Campbell, M.D., Indiana University Hospitals, 
Indianapolis 7. Annual meeting in May. 


IOWA 
The Iowa X-ray Club.—Secretary, Arthur W. Erskine, 
M.D., 326 Higley Building, Cedar Rapids. Meets 
during annual session of Iowa State Medical Society. 


KENTUCKY 
Kentucky Radiological Society.—Secretary-Treasurer, 
Sydney E. Johnson, M.D., 101 W. Chestnut St., Louis- 
ville. 


LOUISIANA 

Louisiana Radiological Society.—Secretary-Treasurer, 
Johnson R. Anderson, M.D., North Louisiana Sani- 
tarium, Shreveport. Meets annually at same time as 
State Medical Society. 

Orleans Parish Radiological Society.—Secretary, Joseph 
\V. Schlosser, M.D., Charity Hospital of Louisiana, 
New Orleans 13. Meets first Tuesday of each month. 
Shreveport Radiological Club.—Secretary, Oscar 0. 
Jones, M.D., 2622 Greenwood Road. Meets monthly 
September to May, third Wednesday, 7:30 P.M. 


MARYLAND 
Baltemore City Medical Society, Radiological Section.— 
Secretary, Charles N. Davidson, M.D., 10! West Read 
St., Baltimore 1. 


MICHIGAN 
Detroit X-ray and Radium Society.—Secretary-T reasurer, 
E. R. Witwer, M.D., Harper Hospital, Detroit 1. Meet- 
ings first Thursday of each month from October to May, 
at Wayne County Medical Society club rooms. 


MINNESOTA 
Minnesota Radiological Society.—Secretary, A. T. Sten- 
strom, M.D., Minneapolis General Hospital, Minne- 
apolis 26. Meetings quarterly. 


MISSOURI 
Radiological Society of Greater Kansas City.—Secretary, 
John W. Walker, M.D., 306 E. 12th St., Kansas City, 
Mo. Meetings last Friday of each month. 
St. Louis Society of Radiologists.—Secretary, Edwin C. 
Ernst, M.D., 100 Beaumont Medical Bldg. Meets on 
fourth Wednesday of each month, October to May. 


NEBRASKA 
Nebraska Radiological Society.—Secretary-Treasurer, 
Donald H. Breit, M.D., University of Nebraska Hos- 
pital, Omaha 5. Meetings third Wednesday of each 
month at 6 P.M. in either Omaha or Lincoln. 


NEW ENGLAND 


New England Roentgen Ray Society.—Secretary-Treas- 
urer, George Levene, M.D., Massachusetts Memorial 
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Hospitals, Boston, Mass. Meets monthly on third 
Friday at Boston Medical Library. 


NEW HAMPSHIRE 


New Hampshire Roentgen Society.— -Secretary-Treasurer, 
Richard C. Batt, M.D., St. Louis Hospital, Berlin. 


NEW JERSEY 
Radiological Society of New Jersey.—Secretary, W. H. 
Seward, M.D., Orange Memorial Hospital, Orange. 
Meetings at Atlantic City at time of State Medical 
Society and midwinter in Newark as called. 


NEW YORK 
Associated Radiologists of New York, Inc.—Secretary, 
William J. Francis, M.D., East Rockaway, L. I. 
Brooklyn Roentgen Ray Society.—Secretary-Treasurer, 
Abraham H. Levy, M.D., 1354 Carroll St., Bklyn. 13. 
Meets fourth Tuesday of every month, October to April. 
Buffalo Radiological Society.—Secretary-Treasurer, 
Mario C. Gian, M.D., 610 Niagara St., Buffalo 1. 
Meetings second Monday evening each month, Octo- 
ber to May, inclusive. 
Central New York Roentgen Society.—Secretary-Treas- 
urer, Carlton F. Potter, M.D., 425 Waverly Ave., Syra- 
cuse 10. Meetings in January, May, and October. 
Long Island Radiological Society.—Secretary, Marcus 
Wiener, M.D., 1430 48th St., Brooklyn 19. Meetings 
fourth Thursday evening each month at Kings County 
Medical Bldg. 
New York Roentgen Society—Secretary, Wm. Snow, 
M.D., 941 Park Ave., New York 28. 
Rochester Roentgen-Ray Society.—Secretary, Murray P. 
George, M.D., 260 Crittenden Blvd., Rochester 7. 
Meets at Strong Memorial Hospital, third Monday, 
September through May. 


NORTH CAROLINA 
Radiological Society of North Carolina.—Secretary- 
Treasurer, Major I. Fleming, M.D., 404 Falls Road, 
Rocky Mount. Meets in May and October. 


NORTH DAKOTA 


North Dakota Radiological Society.—Secretary, Charles 
Heilman, M.D., 1338 Second St., N., Fargo. 


OHIO 
Ohio Radiological Society.—-Secretary, Henry Snow, 
M.D., 1061 Reibold Bldg., Dayton 2. Next meeting at 
annual meeting of the Ohio State Medical Association. 
Central Ohio Radiological Society.—Secretary, Hugh A. 
Baldwin, 347 E. State St., Columbus. 
Cleveland Radiological Society.—Secretary-Treasurer, 
Carroll C. Dundon, M.D., 11311 Shaker Blvd., Cleve- 
land 4. Meetings at 6:30 p.m. on fourth Monday of 
each month from October to April, inclusive. 
Radiological Society of the Academy of Medicine (Cin- 
cmnati Roentgenologists).—.Secretary-Treasurer, Sam- 
uel Brown, M.D., 707 Race St., Cincinnati 2. Meet- 
ings held third Tuesday of each month. 


PENNSYLVANIA 
Pennsylvania Radiological Society.—Secretary-Treasurer, 
L. E. Wurster, M.D., 416 Pine St., Williamsport 8. 
Philadel phia Roentgen Ray Society.—Secretary, Calvin 
L. Stewart, M.D., Jefferson Hospital, Philadelphia 7 
Meets first Thursday of each month at 8:00 p.M., from 
October to May in Thomson Hall, 21 S. 22d St. 
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Pittsburgh Roentgen Society.—Secretary-Treasurer, Les- 
ter M. J. Freedman, M.D., 415 Highland Bldg., 
Pittsburgh 6. Meets second Wednesday of each 
month at 6:30 p.m., October to May, inclusive. 


ROCKY MOUNTAIN STATES 
Rocky Mountain Radiological Society.—Secretary, A. M. 
Popma, M.D., 220 N. First St., Boise, Idaho. 
SOUTH CAROLINA 
South Carolina X-ray Society.—Secretary-Treasurer, 
Robert B. Taft,M.D., 103 Rutledge Ave.,Charleston 16. 
TENNESSEE 


Memphis Roentgen Club—Meetings second 
day of each month at University Center. 

Tennessee Radiological Society.—Secretary-Treasurer, 
J. Marsh Frére, M.D., 707 Walnut St., Chattanooga. 
Meets annually with State Medical Society in April. 


Tues- 


TEXAS 


Dallas-Fort Worth Roentgen Study Club.—Secretary, 
X. R. Hyde, M.D., Medical Arts Bldg., Fort Worth 2 
Meetings on third Monday of each month, in Dallas in 
the odd months and in Fort Worth in the even months 
Texas Radiological Society.—Secretary-Treasurer, R- 
P. O’Bannon, M.D., 650 Fifth Ave., Fort Worth 4. 


UTAH 


Utah State Radiological Society.—Secretary-Treasurer, 
M. Lowry Allen, M.D., Judge Bldg., Salt Lake City 1 
Meets third Wednesday, January, March, May, Sep- 
tember, November. 


VIRGINIA 


Virginia Radiological Society—Secretary, <. Latan 
Flanagan, M.D., 215 Medical Arts Bldg., Richmond 19. 


WASHINGTON 
Washington State Radiological Society.—Secretary-Treas- 
urer, Thomas Carlile, M.D., 1115 Terry Ave., Seattle. 
Meetings fourth Monday of each month, October 
through May, at College Club, Seattle 


WISCONSIN 


Milwaukee Roentgen Ray Society.—Secretary-Treasurer, 
C. A. H. Fortier, M.D., 231 W. Wisconsin Ave., Mil 
waukee 3. Meets monthly on second Monday at the 
University Club. 

Radiological Section of the Wisconsin State Medical 
Society.— Secretary, S. R. Beatty, M.D., 185 Hazel St., 
Oshkosh. Two-day meeting in May and one day at 
annual meeting of State Medical Society in September 
University of Wisconsin Radiological Conference 
Meets first and third Thursdays 4 to 5 p.m., September 
to May, inclusive, Room 301, Service Memorial Insti- 
tute, 426 N. Charter St., Madison 6. 


CANADA 
Canadian Association of Radiologists —Honorary Secre- 
tary-Treasurer, J. W. McKay, M.D., 1620 Cedar Ave., 
Montreal. 
La Société Canadienne-Frangaise d’Electrologie et de 
Radiologie Médicales—General Secretary, Origéne Du- 


fresne, M.D., Institut du Radium, Montreal. Meets 
on third Saturday of each month. 

CUBA 
Sociedad de Radiologia y Fisioterapia de Cuba.—Offices 


in Hospital Mercedes, Havana. Meets monthly. 
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ROENTGEN DIAGNOSIS 


THE HEAD AND NECK 


Radiological Aspects of 
cephalus. D. C. Eaglesham. Brit. J. 
335-343, November 1945. 


Pneumocephalus, an abnormal collection 


pneumocranium, pneumatocele, 


spinal fluid. 
cases treated from 1942 to 1945. 


Pneumocephalus may be classified etiologically as 
traumatic or non-traumatic and according to location 
Intracranial pneumo- 


as extracranial or intracranial. 
cephalus is of the following types. 


Extradural 
Subdural 
Subarachnoid 
Ventricular 
Extraventricular 
Cortical 
Cisternal 
Intracerebral 


Mixed forms also occur. 

The commonest causes of pneumocephalus are frac- 
tures through the frontal, ethmoid, or sphenoid sinuses 
and the mastoid in the order given. Non-traumatic 
pneumocephalus is due in most instances to erosion of 
the intracranial surface of one of the sinuses by a tumor 
or infectious process. 

Pneumocephalus is usually discovered within the 
first few days after an injury, though it has been known 
to develop after an interval of three years. 

The radiographic appearance depends upon the 
location. Extradural pneumocephalus is rare. The 
gas is relatively small in amount and fixed in position. 
The subdural variety is common. Here the gas is free 
to move about and may outline the tentorium or the 
falx. Small quantities in the occipital or frontal areas 
are usually seen as a thin crescent with the concavity 
next to the brain. With larger quantities the surface 
of the brain may be visualized almost an inch from the 
inner table and a fluid level may be seen in appropriate 
projections. Subdural gas may simulate an intracere- 
bral collection, but in the latter case the gas is fixed. 
Subarachnoid pneumocephalus presents features sim 
ilar to encephalograms. The cisterns, cortical spaces, 
and ventricles may be outlined, and the gas may shift 
with changes in posture. Intracerebral collections of 
gas are most frequently seen extending upward from 
the floor of the anterior fossa or backward from the 
anterior wall close to the intracranial surface of the 
ethmoid or frontal sinus on one side The midline is 
not usually crossed in this variety, but there may be 
bilateral lesions. 

Conditions requiring differential diagnosis are scalp 
or bony defects, diploic vessel markings, gas-producing 


Intracranial Pneumo- 
Radiol. 18: 


of air 
within the skull or external to it, but not including 
surgical emphysema of the face nor minute amounts 
of air associated with lacerations, is also referred to as 
and aerocele. The 
author makes a distinction between such collections 
and abscesses containing gas-producing organisms. 
The recognition of the condition is important in con- 
nection with skull fractures involving the nasal sinuses 
and mastoids, particularly with leakage of cerebro- 


The present observations are based on 22 
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cerebral abscess, porencephaly, intracranial] lipomata 
air accidentally introduced, as during lumbar puncture. 
and artefacts. The differential points for most of these 
conditions are obvious. Gas-producing abscesses, as 
a rule, are remote from the sinuses or mastoids, often 
show multiple gas pockets, produce a greater space- 
occupying effect on the ventricles and pineal body, do 
not usually show gas in the subarachnoid or subdural 
spaces, and do not appear suddenly nor increase in size 
rapidly. The differentiation of porencephaly may be 
difficult. Pneumocephalus tends to shift the ventricles 
to the opposite side, the gas is near a sinus or mastoid, 
and it persists longer. 

Stereoscopic views are best if they can be obtained 
When they cannot, single views in two or three planes 
are advised. At least one view should be taken with 
the beam horizontal to reveal more clearly a fluid level 
Special studies of the sinuses or mastoids may be ad- 
visable to demonstrate the source of the pneumoceph 
alus. 

In 15 of the author’s 22 cases the pneumocephalus 
was demonstrated on the first examination or within 
four days. In the other 7 no gas was demonstrated 
until one to six weeks had passed 
tradural, 6 subdural, 4 cisternal or cortical subarach- 
noid, 1 ventricular subarachnoid, 4 intracerebral, and 4 
combined types. Cerebrospinal leakage occurred in 13 
instances. Meningitis developed in 4 patients. Frac- 
tures through the frontal, ethmoid, or sphenoid sinuses 
or mastoids were responsible for the condition in 21 
cases. The other was secondary to a depressed frac- 
ture. One death occurred. Most of the patients were 
not followed long enough to determine the final out- 
come. SypNey J. Hawtey, M.D 


One case was ex 


The So-Called Fifth and Sixth Cerebral Ventricle: 
A Clinical and Roentgenographic Study and Case Re- 
port. S. J. Silbermann. Am. J. Roentgenol. 54: 
503-511, November 1945. 

The cavum of the septum pellucidum is usually re- 
ferred to as a cystic or hydropic enlargement of the 
potential space between the leaves of the septum pellu- 
cidum, which, lying in close apposition but separated 
from each other, form the medial partition of each 
anterior horn and adjacent portion of the body of the 
lateral ventricle and, simultaneously, the lateral bound- 
ary of the fifth ventricle. Caudally to the cavum of 
the septum pellucidum, and approximately in the same 
plane, lies the cyst of Verga, occupying the space be- 
tween the under surface of the corpus callosum and the 
top of the psalterium. These anomalous ventricles 
the so-called fifth and sixth—coexist and, in most in- 
stances, also coalesce. They are usually connected 
through various openings with the third and lateral 
ventricles. There is a conspicuous absence of choroid 
plexus in their walls. 

Cysts of the fifth and sixth ventricle are divided into 
two groups, the communicating and the non-com- 
municating, the latter being subdivided into the pri- 
mary and the acquired variety. Both variants of the 
closed type may give rise to clinical syndromes by 
blocking the foramina of the ventricles and producing 
internal hydrocephalus or by direct pressure upon ad- 


jacent solid neural structures. The differentiation be- 
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tween the closed and open type is easily made by careful 
air studies of the intracranial contents. _Neither the 
mental nor the neurological signs are in any way 
specific. The intermittency of the clinical signs and 
the long duration are worthy of consideration. ; 

A correct diagnosis can be made only with air 
studies. In the open type, the usually coexisting fifth 
and sixth ventricles communicate with each other 
and appear as one long, comma-shaped shadow on the 
lateral view. The closed type of cyst of the cavum of 
the septum pellucidum causes separation and bulging 
of the leaves of the septum toward the lumen of the 
anterior horns, while the closed cyst of Verga produces 
signs of displacement, often associated with production 
of internal hydrocephalus. A twenty-four-hour, forty- 
eight-hour, or even later roentgenogram after the intro- 
duction of air into the ventricles should be taken, 
since normally cysts of the closed types may be re- 
opened during the alteration of the intracranial pres- 
sure following the drainage of the cerebrospinal fluid. 
Retention of air in these cysts is suggestive of a ball- 
yalve mechanism governing the communicating system 
between them and the regular ventricular system. A 
report of a fairly typical case is given. 

CLARENCE E. WEAVER, M.D. 


Neoplasms of Both Maxillary Sinuses. Meyer D. 
Berger. Arch. Otolaryng. 42: 397-403, November- 
December 1945. 

A case of cancerous involvement of both maxillary 
sinuses in a 62-year-old patient is presented. The 
neoplasms were separate and distinct entities, the 
second growth developing while the patient was under 
observation for the first. Electrosurgery with post- 
operative roentgen therapy was employed in both 
instances. Roentgenograms approximately seven- 
teen months following the first and eight months after 
the second operation showed relatively good aera- 
tion of both antra. There was no clinical evidence of 
neoplasm or cervical metastasis at that time. Roent- 
genograms are reproduced. 

A general discussion of the diagnosis and therapy of 
antral neoplasms follows the case presentation. Roent- 
gen studies of the antrum may show an alteration of 
density that obliterates the air cavity, an opacity 
which may be due to neoplasm, polyposis, hyperplasia, 
exudate, or any combination of these processes. 
Although the roentgenograms can demonstrate the ex- 
tent of the involvement, they generally cannot define 
the pathologic entity without supporting clinical and 
physical findings. Evidence of bone destruction often 
means an advanced stage of cancer. 


THE CHEST 


Atypical Pneumonia at an Air Base in India During 
the Winter of 1944-45. Joseph H. Hafkenschiel. 
Mil. Surgeon 97: 377-380, November 1945. 

Twenty-two cases of atypical pneumonia which oc- 
curred at an air base in India are of particular interest 
because of the explosiveness of the outbreak of the 
disease following the arrival of a group of new personnel 
from the United States. The onset of symptoms, roent- 
gen findings, and the course of the disease were essen- 
tially the same as described by others, although the 
cases were milder than those occurring in military 
camps in the continental limits. 
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Some Observations on Primary Atypical Pneumonia. 
Jacob Grossman. Arch. Int. Med. 76: 328-334, 
November-December 1945. 

A group of 45 cases of atypical pneumonia appearing 
during the first half of 1944 in Italy is described and 
compared with series previously reported. A compre- 
hensive bibliography is appended. 


Diagnosis of Loeffier’s Syndrome. Transient Lung 
Infiltration with Eosinophilia. Elvin E. Gottdiener. 
New York State J. Med. 45: 2179-2182, Oct. 15, 
1945. 

Loeffler’s syndrome is characterized by transient 
eosinophilic infiltrations of the lung and eosinophilia in 
allergic individuals, especially asthmatics. The pul- 
monary infiltrations are usually homogeneous and may 
be unilateral or bilateral. Roentgenologically, they 
may appear as nodules, multiple cysts, extensive irreg- 
ular shadows, peribronchial infiltrations fanning out 
from the hilus, or small infiltrations in the peripheral 
lung fields. Pleural effusion, when present, is most 
often small in amount and rapidly absorbed. A char- 
acteristic feature is the rapid resolution of the roentgen 
findings, which ordinarily persist from three to eight 
days, occasionally up to three weeks. Plate-like in- 
filtrations may be observed before final resolution 
occurs. In the differential diagnosis, tuberculosis, 
virus pneumonia, lobar pneumonia, pulmonary in- 
farct, and even Boeck’s sarcoid must be considered. 

The mechanism producing the infiltration is con- 
sidered to be an “allergic edema,”’ similar to urticaria, 
involving the alveoli in the sensitized or hyperergic 
lung. In the non-atopic individual, such hypersen- 
sitivity may represent allergic reaction to infection, 
such as tuberculosis, parasitic infestation, tetanus, and 
chronic sinusitis. In certain instances, the syndrome 
may represent evidence of a general vascular allergy 
which may result in panarteritis and polyserositis. A 
small number of fatalities have been reported. 

Two case reports illustrate the differential diagnosis 
of Loeffler’s syndrome, atypical pneumonia, and tuber- 
culosis. LESTER M. J. FREEDMAN, M.D. 

Observations on Loeffier's Syndrome: Report of 
Four Cases. H. Wallace Blanton. Virginia M. 
Monthly 72: 473-479, November 1945. 

The author reviews the literature on Loeffier’s 
syndrome—pulmonary infiltration with an increased 
percentage of eosinophils in the blood stream—and 
records 4 cases. All of the patients gave a history of 
asthma or hay fever. In 3 cases, epinephrine injected 
subcutaneously led to temporary disappearance of the 
pulmonary shadows. The author regards this as con- 
firming his assumption that he was dealing with an 
allergic reaction due to a localized edema comparable 
to angioneurotic edema and attributable to a hyper- 
permeability of the capillaries. He believes it to be 
an original observation, not previously recorded in the 
literature. In other types of the disease the cause may 
be a bacterial allergen or a parasite acting as an aller- 
gen. In such cases sympathicomimetic drugs are 
without effect. 

Other features which have received inadequate notice 
in the literature are the presence of a familial factor, 
observed in 2 of the author’s cases; the frequency of 
asthma as a precursor of the syndrome; and a metallic 
taste in the sputum. J. E. Wurreceatuer, M.D. 




















306 


Report of a Case with Patho- 
E. C. Bayley, D. O. 
Arch. Path. 


Loeffler’s Syndrome. 
logic Examination of the Lungs. 
N. Lindberg, and Archie H. Baggenstoss. 
40: 376-381, November-December 1945. 

A fatal case of Loeffler’s syndrome is reported. The 
patient, a 59-year-old woman, was admitted to a sana- 
torium on July 3, 1944, with severe cough, breathless- 
ness, and anorexia; she had lost about 60 pounds in 
weight. Roentgenograms of the chest revealed shad- 
ows of varying size, shape, and density in both upper 
lobes. The sedimentation rate (Cutler method) was 
24 mm. in one hour. The white blood cell count was 
12,550, with 35 per cent eosinophils. Tests for tuber- 
culosis were negative. The patient’s condition im- 
proved with intravenous sodium iodide, and roentgeno- 
grams of the chest on July 30 and Aug. 3 showed a 
bilateral regression of the lesions, ruling out the possi- 
bility of tuberculosis or neoplasm of the lung. When 
she was discharged, on Sept. 11, only a few residual 
areas of abnormal density were visible roentgenologi- 
cally. The patient failed to report for further sodium 
iodide therapy and monthly roentgenograms as in- 
structed. On Dec. 21, she became suddenly ill, with 
substernal discomfort and severe, progressive dyspnea. 
Cyanosis became progressively worse, and generalized 
edema supervened. Death occurred in five days. 

The outstanding features in the postmortem ex- 
amination were the large numbers of eosinophilic 
leukocytes in the pneumonic exudate, the advanced 
organization of the exudate, with fibrosis and giant 
cells, the presence of peculiar granulomatous lesions, 
and necrotizing arteritis and phlebitis. The clearing 
of the pulmonary lesions demonstrated roentgenologi- 
cally in this case suggests that regression of the lesions 
does occur but that this does not indicate complete 
resolution. 


Miliary Carcinosis of the Lungs Secondary to Primary 
Cancer of the Gastro-Intestinal Tract. Gordon J. 
Culver. Am. J. Roentgenol. 54: 474-482, No- 
vember 1945. 

Miliary carcinosis of the lungs secondary to cancer 
of the gastro-intestinal tract, biliary tract, and pan- 
creas is not common. This condition requires blood 
stream dissemination of tumor cells to the right heart. 
This may occur in two ways: (1) through the regional 
lymph nodes and then to the thoracic duct, whence 
tumor cell emboli may pass to the left subclavian vein, 
to the left innominate, to the superior vena cava, and 
then to the right heart, from which a massive blood 
stream dissemination to the lungs may occur; (2) 
through invasion of the liver and hepatic veins, whence 
tumor cell emboli may enter the venous circulation 
and pass directly to the right heart and then to the 
pulmonary fields. 

The lesions are evenly and diffusely distributed 
throughout the lung fields. The various lesions are 
not of homogeneous density but appear as soft mottled 
areas with fuzzy, poorly defined margins. They are 
unusually small and variable in size. They may later 
become confluent. MHilar node involvement may or 
may not be present. Miliary tuberculosis and sili 
cosis must be considered in the differential diagnosis. 

The lack of physical findings in the chest in miliary 
carcinosis is noteworthy. This may serve as an aid in 
the diagnosis. The history and clinical course are 
also helpful in ruling out tuberculosis and silicosis. 
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Four case reports are given and roentgenograms fyr. 
nished to illustrate the pulmonary lesions described. 
CLARENCE E. Weaver, M_D. 


Two Cases of Anterior Mediastinal Abscess 
Michael Aronovitch and Arthur M. Vineberg. Canad 
M.A. J. 53: 455-458, November 1945. 

Anatomically, there is little reason for the formation 
of abscesses in the anterior mediastinum. It contains 
a few lymph nodes, some loose areolar tissue, and the 
remains of the thymus. A substernal thyroid may 
bulge into it and it may be the site of dermoid cysts 
and teratomas. Direct infection of the anterior medi. 
astinum occurs from perforating wounds of the ap. 
terior chest. In Hare’s collection of 115 cases reported 
in 1889, trauma was the most frequent cause of sup- 
puration. Ravitch (Arch. Surg. 47: 250, 1943) re. 
ported a case following intrasternal blood transfusion. 
In such cases of direct antecedent trauma the diagnosis 
would be suspected. In many cases the cause of sup- 
puration is less obvious. Keefer’s work indicates that 
tuberculosis, syphilis, and actinomycosis are the most 
common causes of anterior mediastinitis. The an. 
atomical contents and boundaries of the anterior 
mediastinum would lead one to suspect that infections 
of the mediastinal nodes, infections at the lung roots, 
and contiguous pericardial or pericardiopleural in- 
flammations are the most common causes of anterior 
mediastinal abscess, excluding trauma. 

The symptoms and signs are variable and do not 
often point to a definite diagnosis. Constitutional 
symptoms and signs of suppuration are present 
Localizing signs may be entirely lacking or confusing 
There is usually a complaint of chest pain, which need 
not be retrosternal but may be on either side or re- 
ferred to the base of the neck. The abscess may tend 
to point to one side or the other, and local reddening 
and bulging may appear in the interspace. If the 
abscess becomes large, there may be complaints of 
substernal oppression, with evidence of pressure on the 
heart, great vessels, and trachea. If the enlargement 
has been sudden, symptoms may suggest acute coro- 
nary occlusion or acute pericardial effusion. The x-ray 
is invaluable in diagnosis, as it will usually rule out the 
confusing possibility of a pericardial effusion. A lateral 
film should always be taken when there are general 
signs of suppuration and chest pain. If the posterior 
border of the sternum is carefully inspected, the ab- 
Definite and final diagnosis can 
Surgery is the only 


scesses can be located. 
then be established by aspiration. 
treatment. 

Two cases of anterior mediastinal abscess are pre- 
sented by the authors with five reproductions of x-ray 
films. The abscesses are well shown in the lateral 
view in each case. The authors stress the fact that 
lateral films of the chest at the onset of symptoms 
would have led to earlier diagnosis. 

HucGu A. O’Nemt, M.D. 


Pulmonary Stenosis with Intact Interventricular 
Septum. Report of Eleven Cases. James H. Currens, 
Thomas D. Kinney, and Paul D. White. Am. Heart 
J.30: 491-510, November 1945. 

Maude Abbott (Atlas of Congenital Heart Disease, 
Am. Heart Assoc., 1936) found that among 1,000 cases 
of congenital heart disease, pulmonary stenosis was 
associated with an interventricular septal defect in 85 
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cases; in 34 of these, the foramen ovale was also 
patent In another 25 cases, pulmonary stenosis was 


not associated with an interventricular septal defect, 
and in 16 of these the foramen ovale was patent. 
These findings indicate that at least - in 7 with pul- 
monary stenosis will not have a ventricular septal de- 
fect, a fact which has not been generally recognized by 
cardiologists. \ ; 

Eleven cases of pulmonary stenosis with no associated 
ventricular septal defect are recorded here. In 5 of 
these, there was an associated patency of the foramen 
ovale of varying size. In 10 of the cases the pulmonary 
stenosis was of sufficient degree to result in moderate to 
marked hypertrophy of the right ventricle. 

HENRY K. Taytor, M.D. 


The Recruit’s Heart. Reduplication of the First 
Sound: Heart Strain and a New Method of Calibra- 
tion. J. Stephen Lewis. Am. Heart J. 30: 447- 458, 
November 1945. 

This paper sets out to prove that reduplication of 
heart sounds after exercise is always of the first sound, 
never of the second, and that it is due to asynchronism 
of ventricular contractions brought on by dilatation of 
the right ventricle. The reduplicated sound is heard 
at the apex, best in the supine position and immediately 
after exercise—the first few beats. In the study here 
recorded, the measurements of heart size before and 
after exercise were made by a planimeter on tracings 
from roentgenograms. An 8.75 per cent increase in 
the entire heart area was found after exercise, and a 
14.3 per cent increase in that portion of the cardiac 
silhouette to the right of the mid-line. From these 
figures, the author concludes that the enlargement of 
the heart following exercise is due to a right-sided 
dilatation. The right heart musculature being thinner 
than the left, the right side is the first to bulge with an 
increase in intracardiac pressure. The reduplication 
of the first sound in disease, as mitral stenosis, is due to 
the same cause, namely, a dilatation of the right side 
of the heart. 

The author also discusses shifting of the heart in 
various positions, audibility of murmurs, pulse rate 
and blood pressure in boxers before and after prize 
fights, and heart strain. 

This article is one of a series entitled ‘‘Recruit’s 
Heart.” Actually many of the observations on re- 
duplication were made in children. The phenomenon 
was present in 72 per cent of a group from six to twelve 
years old and occurred with decreasing frequency at 
more advanced ages. Henry K. Tayior, M.D. 


Congenital Diaphragmatic Hernia. Edward J. Don- 
ovan. Ann, Surg. 122: 569-581, October 1945. 

The most common sites of congenital diaphragmatic 
hernia in order of frequency are the esophageal hiatus, 
the foramen of Bochdalek, the foramen of Morgagni, 
and the dome of the diaphragm. The embryonic de- 
velopment of the diaphragm is rather complicated, the 
ventral portion arising in the cervical region and de 
scending to meet the dorsal portion or pleuroperitoneal 
membrane. There may be arrest at any point in the 
descent from the third cervical segment to the level of 
the twelfth thoracic vertebra. Failure of fusion of the 
two segments produces the pleuroperitoneal hiatus 
known as the foramen of Bochdalek. Failure of fusion 
of the costal and sternal fibers produces the hiatus 
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known as the foramen of Morgagni. Defects in the 
dome are similarly explained. 

Symptoms of congenital hernia of the diaphragm 
vary from slight dyspnea, distention, and cough, to 
severe dyspnea, vomiting, cyanosis, pain, and evidence 
of intestinal obstruction. The severity of the symp- 
toms depends largely on the amount of bowel present 
in the chest, the amount of pressure on the lung, heart, 
and other viscera, and the presence or absence of in- 
testinal obstruction. 

Physical signs may be absent or obscure, and di- 
agnosis may be incorrectly made unless x-ray examina- 
tion of the chest is done. The presence of gas-filled 
loops of bowel above the diaphragm should suggest 
the correct diagnosis. Studies with contrast media 
will confirm the findings and aid in determining what 
part or parts of the bowel are involved 

Operative repair of the diaphragmatic defect is the 
only way in which permanent cure can be obtained. 
The choice of time of operation varies with different 
surgeons but the author believes that early operation 
is almost invariably indicated since the possibility of 
partial or complete intestinal obstruction is ever pres- 
ent and operation after obstruction occurs is much 
more hazardous. In addition, the longer the operation 
is delayed, the less the abdomen will develop, so that 
it may eventually be insufficient to contain the dis- 
placed viscera. 

The author reports 9 cases of hernia through the 
foramen of Bochdalek, with 7 recoveries and 2 deaths. 
The first of the fatal cases was in a child five weeks old 
who had a large posterolateral defect in the diaphragm 
with practically all of the small intestine in the chest 
and a definite high intestinal obstruction in the je- 
junum. Death occurred from shock twelve hours 
after operation. In the second fatal case the correct 
diagnosis had been made at the age of ten months. 
Permission for operation was consistently refused by 
the parents, however, until the child was nine years of 
age. At that time, the herniated viscera were brought 
down into the abdomen, which, however, was of in- 
sufficient size to accommodate them, so that they had 
to be returned to the thorax. 

Eight additional cases are recorded: 3 of large pos- 
terior diaphragmatic defects, all successfully treated; 
1 of esophageal hiatus hernia [actually a case of short 
esophagus]; 2 of bilateral hernia through the foramen 
of Morgagni, with one postoperative death from pneu- 
monia; 1 of eventration of the diaphragm, diagnosed 
roentgenologically as hernia; 1 of absence of the left 
hemidiaphragm with other congenital defects 

The author concludes that congenital diaphragmatic 
hernia is more common than the records in the litera- 
ture would indicate; that children with obscure chest 
or abdominal complaints should have roentgen studies, 
with the possibility of diaphragmatic hernia in mind; 
that the diagnosis otherwise may easily be 
and that early operation will produce permanent cure 
in a high percentage of cases 

BERNARD S$. KALAYJIAN, M.D 
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Surgical Treatment of Congenital Atresia of the 
Esophagus, with a Report of Four Cases. Conrad R. 
Lam. J. Pediat. 27:456-464, November 1945. 

The outlook for a child with congenital atresia of 
formerly hopeless. 


was considered 


the esophagus 
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Within the past five years, however, advances have 
been made in the technic for surgical correction of this 
obstructive defect, and the literature now shows 28 of 
70 patients living and well after operation. Thirteen 
of these patients had the preferred operation of direct 
anastomosis. 

The author presents 4 cases of his own, with one 
fatality. The low mortality in this series is attributed 
in part to the fact that the 3 infants who survived were 
in excellent condition at the time of operation. Pneu- 
monia from the aspiration of milk during persistent but 
futile attempts at feeding was prevented because of a 
relatively early diagnosis. It is stressed that if atresia 
of the esophagus is suspected, barium should not be 
used in the roentgen examination, since this contrast 
medium is very irritating to the bronchial mucosa. 
A small amount of iodized oil should be introduced 
through the catheter under fluoroscopic control and 
removed after the film has been made. 

In connection with this abstract, see editorial in the 
September 1945 issue of RaprioLocy (45: 294, 1945). 


Esophageal Lesions Associated with Acrosclerosis 
and Scleroderma. Arthur M. Olsen, Paul A. O'Leary, 
and B. R. Kirklin. Arch. Int. Med. 76: 189-200, 
October 1945. 

Scleroderma and acrosclerosis are alike in that scleros- 
ing processes take place in the lower portion of the 
cutis. Acrosclerosis differs from scleroderma in that 
the trophic disorder in the former appears to have its 
origin in vasomotor disturbances. Acrosclerosis is a 
sclerodermic process which involves the distal parts of 
the extremities and the face and neck of patients who 
present the phenomena of Raynaud’s disease. The 
authors believe that it constitutes a distinct clinical 
entity. 

Approximately 350 cases of scleroderma or acro- 
sclerosis were seen at the Mayo Clinic from 1930 to 
1943, inclusive; in 36 of these dysphagia occurred or 
lesions of the esophagus were demonstrated. Roent- 
gen studies were performed in 24 of this group and 
esophagoscopy in 8. The present study is concerned 
primarily with the 18 cases in which conclusive roent- 
genographic or endoscopic observations were made. 
These cases are presented briefly; roentgenograms are 
reproduced in 5. The symptoms of Raynaud’s syn- 
drome preceded or were coincident with the develop- 
ment of cutaneous manifestations in all 18 cases, and 
in every instance the diagnosis was acrosclerosis. 

Conclusive roentgenographic features were demon- 
strated in 15 cases. Esophageal dilatation with atony 
of the esophageal musculature and diminution or ab- 
sence of peristaltic movements occurred in 6 cases. 
Apparent spasm at the cardia, with obstruction, was 
noticed in 4 of these cases, and the passage of the barium 
meal was slower than normal. No studies were made 
in the dorsal decubitus position in this group. The 
roentgen diagnosis was cardiospasm. 

In 9 instances, a diagnosis of esophageal hiatal 
hernia was made. In these cases, part of the stomach 
was found to be above the level of the diaphragmatic 
hiatus. The herniated portion of the stomach was 
distinguished readily from the phrenic ampulla of the 
esophagus. The patients were studied fluoroscopically 
in both the upright and dorsal decubitus positions. 
The passage of barium through the esophagus was 
slower than normal in each instance. In 2 patients, 
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there was obvious dilatation of the esophagus, givin 

the appearance of associated cardiospasm. In 6 of me 
9 cases, the hernia was definitely of the short esophagus 
type and there was an associated stricture of the lower 
part of the esophagus and esophagogastric junction. 

Esophagoscopic examination was performed jn 8 
cases. In 5 of these, a previous diagnosis of esophageal 
hiatal hernia had been made roentgenologically and 
this was confirmed in each instance. Strictures were 
found in 2 cases in association with hernias of the short 
esophagus type. The obstruction in both cases ap- 
peared to be the result of inflammation. In 2 other 
patients, ulceration was observed at the esophagogas. 
tric junction. 

The authors conclude from this study that esophageal 
disturbances occur almost exclusively in cases of acro- 
sclerosis rather than in generalized or diffuse sclero. 
derma. They point out that the cutaneous lesions of 
acrosclerosis are confined to the hands, forearms, neck, 
and upper part of the thorax, while diffuse scleroderma 
may involve the entire skin of the trunk, arms, and 
hands. The facial lesions of acrosclerosis are likely to 
involve the oral cavity and to spread to the esophagus. 
When esophageal lesions are encountered in diffuse 
scleroderma, it is usually in those rare cases in which the 
scleroderma is cephalic in origin. Hence, esophageal 
lesions are likely to occur in those cases with early in- 
volvement of the face. The constant association of 
Raynaud’s phenomena with acrosclerosis suggests 
that a disturbance of the autonomic nervous system 
may be involved in the pathogenesis of acrosclerosis 
Explanations are offered for the occurrence of car- 
diospasm and hiatal hernia in association with acro- 
sclerosis. 

There is a complete review of the literature on the 
occurrence of dysphagia in scleroderma and acrosclero- 
sis, with a summary of the data on the cases previously 
reported . 


Roentgen Examination in Congenital Intestinal 
Obstructive Defects in Infants: Its Aid in Planning 
Suitable Surgical Approach and Procedures for Their 


Correction. Angus K. Wilson. Am. J. Roentgenol 
54: 498-502, November 1945. 

Imperforate anus and atresia of the intestine are 
relatively infrequent, but intelligent correction is of 
utmost importance. The arrest in embryological de- 
velopment is usually at the level of the peritoneal re- 
flection: in females it is usually about 2 cm. and in 
males usually about 3 cm. from the perineum. Atresia 
may be complete (imperforation) or fistulous, and an- 
omalous openings may be present anywhere between 
the rectum and the urogenital tract. In 1930 Wangen- 
steen and Rice (Ann. Surg. 92: 77, 1930. Abst. in 
Radiology 15: 716, 1930) showed that if the baby were 
suspended head down, intestinal gas would rise to its 
highest point and that a roentgenogram made with an 
opaque object in the anal dimple would demonstrate 
the extent of separation between the blind end of the 
rectum and the perineum. 

Two cases are described by the author. These 
demonstrate the importance of waiting a sufficient 
length of time after inverting the infant before taking 
roentgenograms. Ten minutes is probably not too 
long. They also illustrate the superiority of lateral 
roentgenograms over those made in the anteroposterior 
projection, although both should be used. If there 1s 
an anal pouch, opaque medium should be injected into 
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it. This will permit an accurate estimate of the depth 
of tissue between the anal membrane or Perineal sur- 
face and the blind end of the rectal pouch. Injection 
of opaque medium may also show a patent anal canal 
where obstruction has been suspected. Proper roent- 
can be of great aid in guiding the sur- 
CLARENCE E. WEAVER, M.D. 


gen examination 
gical approach 


Chronic Nonspecific Regional Enteritis. Samuel 
Brown. Am. J. Roentgenol. 54: 487-495, Novem- 
ber 1945. 

Regional enteritis is not always limited to the terminal 
ileum, as was suggested by the earlier designation, 
“segional”’ or “terminal ileitis,"” but may involve any 
part of the small intestine or even the large bowel. 
Healthy segments of intestine may be found between 
affected areas. Reports by various observers reveal a 
tendency to constant increase in the frequency of the 
disease, especially since 1933. Only a few sporadic 
cases had been reported prior to 1932, and hardly any 
before World War I. 

Though the terminal ileum is most often involved, 
no part of the small or large bowel is exempt. The 
pathological process is characterized by a subacute or 
chronic necrotizing ulceration on a granulomatous 
basis. The intestinal wall is stiffened and the lumen 
is narrowed, resulting at times in a stenosis with dilata- 
tion of the proximal portion of the bowel. Perforation 
may take place, with resulting fistula or abscess forma- 
tion. A mass is often palpable in the right lower quad- 
rant of the abdomen. The cause of the disease is 
stil unknown. There is no adequate evidence to 
support a tuberculous etiology. None of the author’s 
cases showed any evidence of tuberculosis of the lungs. 

The diagnosis is established by small bowel roentgen 
study and by the barium enema. The roentgen signs 
are deformity of the contour of the bowel wall, narrow- 
ing of the lumen of the bowel, loss of mucosal pattern, 
hour-glass constrictions, rigidity and immobility of the 
intestinal segment, displacement of adjoining segments, 
demonstration of fistulous tracts, hypermotility, and 
stenosis with dilatation of the proximal portion of the 
bowel. Conditions to be differentiated from chronic 
non-specific regional enteritis are chronic appendicitis, 
tuberculous ileitis, colitis, and small bowel tumors. 

The author reports 12 cases. Some of the patients 
showed involvement of the jejunum and duodenum as 
well as of the ileum. The cecum was often found to be 
involved. Recurrences are frequent. The treatment 
in all cases was surgical. In three recurrent cases 
roentgen therapy was tried with good results. 

CLARENCE E. WEAvER, M.D. 


Regional Enteritis. H. L. Pugh. Ann. Surg. 122: 
845-861, November 1945. 

The author reviews the salient features of regional 
enteritis and reports a series of 17 original cases. The 
roentgen demonstration of intestinal fistulae is signifi- 
cant, but Kantor’s ‘‘string sign’’ is generally accepted 
as the most important roentgen feature, being practi- 
cally pathognomonic of regional enteritis involving 
the terminal ileum. 

The disease most frequently confused with regional 
enteritis is acute appendicitis. In that condition, 
however, the onset is more abrupt and the point of 
maximum tenderness is likely to be more sharply 
defined. An abdominal mass is more common in re- 


gional enteritis, the white blood count tends to reach a 
higher level, and the blood sedimentation rate to drop 
more decidedly. Regional enteritis may also be confused 
with intestinal tuberculosis, but in the latter there 
is usually an associated pulmonary tuberculosis. A 
barium enema study may aid in the differentiation of 
diverticulitis, amebiasis, and chronic ulcerative colitis. 

In 9 of the 17 cases reported by the author there was 
evidence of extension of the process from the ileum to 
the large bowel. In 6 of these the cecum was involved, 
in 2 the sigmoid colon, and in one the transverse colon. 

Intestinal fistulae were present in 6 of the cases. 
In 2 the communication was between the ileum and 
sigmoid; in one both the jejunum and mid-ileum com- 
municated with thececum. In one there was a fistulous 
communication between the ileum, sigmoid, and urin- 
ary bladder. There was a fistula between the terminal 
ileum and cecum in another, and between the ileum and 
transverse colon in the sixth. In 4 additional cases 
fistulae developed between the ileum or cecum and ex- 
ternal abdominal wall. 

In 3 cases small bowel obstruction constituted the 
paramount disability. Skipped areas were demon- 
strated in 3 patients, while fistula in ano was present 
inone. In one, hemorrhage from the bowel had been a 
notable but not a prominent symptom. 

There was a recurrence necessitating a second opera- 
tion in one case, while 3 cases cleared up without 
definitive surgery. There was one death in the series, 
on the fourth postoperative day, the result of uremia 
incident to urinary suppression, possibly due to sulfa 
drugs. ELLwoop W. Goprrey, M.D. 


The Management of Postoperative Choledocho- 
lithiasis. Another Usefor Solution G. Benjamin Gold- 
man, James Jackman, and Richard H. Eastman. Surg., 
Gynec. & Obst. 81: 521-524, November 1945. 

This paper is concerned with recurrent common duct 
stones, their demonstration by cholangiography and 
their successful treatment in two cases by Solution G, 
a citrate solution containing magnesium, which has 
been previously used for the dissolution of urinary cal 
culi (see Suby and Albright: New England J. Med. 228: 
81, 1943. Abst. in Radiology 41: 206, 1943). 

Cholangiography is the only means of determining 
conclusively whether or not stones are present in the 
common bile duct following operation. Delayed or 
postoperative cholangiography is preferred by the 
authors to immediate or operative cholangiography. 
They use a 30 per cent solution of diodrast, first test- 
ing the patient for sensitivity. An injection of 10 c.c 
is made under fluoroscopic control, and spot roentgeno- 
grams are obtained in the anteroposterior and oblique 
projections. A second injection of 10 c.c. follows, anda 
film is made using a Bucky diaphragm. AA final oblique 
film is obtained after a third injection. If there is de- 
lay in duodenal filling, amyl nitrite or nitroglycerin 
may be used to differentiate spasm from organic ob- 
struction. 

The various methods of attack on postoperative 
common duct concretions are discussed and histories 
are given of the two cases in which the introduction of 
Solution G through the T-tube was followed by dis- 
appearance of the stones. Subsequent im vilro ex- 
periments were disappointing in that Solution G mixed 
with bile over a wide concentration range showed no 
apparent ability to dissolve biliary calculi of cholesterol 
type. The authors advance the theory that Solution G 
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so closely resembles liguor magnesii citratis (U.S.P.) 
that the results may perhaps be explained on the basis 
of its cathartic action. R. E. Bootnu, M.D. 


David G. 
November 


Fibrocystic Disease of the Pancreas. 
Pugh. Am. J. M. Sc. 210: 681-687, 
1945. 

This paper, appearing under the heading ‘Progress 
of Medical Science,’’ summarizes the present knowledge 
of fibrocystic disease of the pancreas. “It may be 
stated,’’ the author concludes, ‘‘that fibrocystic disease 
of the pancreas is a disease entity characterized by the 
celiac syndrome and chronic respiratory infection 
There is pancreatic insufficiency and the most impor- 
tant procedure is examination of the duodenal contents 
for evidence of pancreatic achylia. Symptoms of 
respiratory infection often predominate and _ roent- 
genologic examination of the thorax may reveal pul- 
monary changes that are rather characteristic of this 
disease. Meconium ileus may be diagnosed, at times, 
by the roentgenologic examination of the abdomen.”’ 

A bibliography is appended. 


THE MUSCULOSKELETAL SYSTEM 
Osteoid Osteoma. J. F. Hamilton. Surg., Gynec. 
& Obst. 81: 465-474, November 1945. 

Osteoid osteoma is a benign bone lesion of unknown 
etiology, occurring most commonly in men in the second 
and third decades. Pain is the predominant complaint 
and is frequently localized directly over the lesion. 
Pain or tenderness may antedate other clinical or 
roentgenographic evidence by several weeks or months. 
Exquisite “finger point’’ tenderness over a small area, 
rarely more than a centimeter in diameter, is an almost 
constant finding in superficial lesions. Swelling of the 
adjacent soft tissue is occasionally present. There 
may be a deposit of sclerotic new bone beneath the 
periosteum which obscures the real lesion unless over- 
exposed roentgenograms are taken at different angles to 
bring out the nidus. 

Osteoid osteoma has been found in the bones of the 
skull, spine, and extremities. A typical roentgenogram 
reveals a small oval or round area with smaller areas of 
rarefaction and condensation in the center. Sur- 
rounding this is a narrow zone of condensation, and out- 
side this is a zone of rarefaction. The adjacent 
parent bone is sclerosed for a variable depth. Osteoid 
osteoma may occur in the cortex or in spongy bone and 
is benign. The microscopic appearance is quite typical, 
showing a vascular, richly cellular, embryonal type of 
osteogenetic connective tissue representing all elements 
necessary in the development of membranous bone. 
As the periphery is approached, there is more of the 
osteoid and calcified osteoid tissue. Beyond this the 
primitive vascular mesenchymal type of connective 
tissue predominates. 

Osteoid osteoma must be differentiated from sclero- 


sing non-suppurative osteomyelitis, Brodie’s abscess, 


osteogenic sarcoma, and Ewing’s tumor. With com 
plete excision, the prognosis is uniformly good. 

Five cases are presented in detail, the fourth being 
one in which an extensive sclerosis and thickening of 
the cortex of the involved bone had obscured the nidus 
of the osteoid osteoma. Photomicrographs of sections 
from 3 of the cases are reproduced in color, and other 
illustrations are included 


CHARLES R. PERRYMAN, M.D. 
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Roentgenographic Interpretation of Acute Hema. 
togenous Osteomyelitis Treated with Penicillin. w. 4 
Altemeier and H. G. Reineke. Am. J. Roentgenol 
54: 437-448, November 1945. 

During a period of twenty-seven months the re. 
sults of treatment with penicillin in 52 cases of acute 
hematogenous osteomyelitis were observed. Some of 
the earlier cases received less than 800,000 units, but 
experience has shown that a total dose of 1,500,000 or 
more units administered over a period of three or more 
weeks is desirable. The drug was usually given in. 
travenously or intramuscularly, in amounts of 15,000 
to 25,000 units at intervals of three hours. In some 
instances, it was administered by continuous intra- 
venous drip. All but one patient recovered, and that 
one was admitted in moribund condition. The clinica] 
results obtained fell into four groups. 

Group I: If the correct diagnosis was made early, 
within the first two or three days, and adequate treat- 
ment was started immediately, the results were truly 
excellent. The bony changes as seen on the roent- 
genograms were minimal, consisting of areas of local- 
ized periosteal reaction, small areas of patchy decalcifi- 
cation of the underlying cortex, little or no evidence of 
sequestration, and ultimate reconstruction of the bone. 
These findings were hard to see in some instances 

Group II: When the diagnosis and treatment with 
penicillin were moderately delayed, the general and 
local infections were less promptly brought under con- 
trol. After a week or more had elapsed, the roentgeno- 
gram showed periosteal reaction and localized patchy 
demineralization of the underlying bone. These in- 
creased progressively, becoming most marked one to 
five months after the onset of the infection. Recal- 
cification of the demineralized areas followed, with the 
re-establishment of a normal or nearly normal appear- 
ance of the bone. Sequestration occasionally occurred. 

Group IIT: When the diagnosis and treatment were 
delayed for seven to ten or more days, or when the in- 
fection was unusually severe, the roentgenograms 
showed extensive bone destruction at the start of 
penicillin treatment, which increased on subsequent ex- 
aminations. Sequestration occurred in some instances. 
Smaller sequestra were absorbed spontaneously and 
larger ones apparently acted as autogenous grafts 

Group IV: In certain fulminating infections, sur- 
gical intervention after adequate preoperative prepara- 
tion is still necessary as an emergency measure. In 
such instances, the bone destruction was extensive, 
due to the severity of the infection. 

Periosteal reaction, patchy areas of demineralization 
and rarefaction of the involved bone, and breaks in the 
adjacent cortex noted after ten or fourteen days in the 
course of penicillin therapy were first regarded as repre- 
sentative of ‘‘an extension of the osteomyelitic proc- 
ess.’ These are now interpreted as a measure of 
spontaneous absorption of the bone destroyed early 
in the course of the infection. The process suggests 
that adequate penicillin therapy given early arrests 
and controls the infection, converting an area of septic 
necrosis of bone to one of aseptic necrosis. The spon- 
taneous absorption of the dead bone is followed by re- 
calcification of the involved area, often with re-estab- 
lishment of normal or nearly normal bony architecture. 
Reconstitution of the bone was accomplished with less 
resultant bone sclerosis than that seen with other, pre- 
vious forms of treatment. 


CLARENCE F. WEAVER, M.D. 
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Gaucher's Disease. The Early Radiological Diag- 


nosis. William Tennent. Brit. J. Radiol. 18: 356- 


358, November 1945. 

Gaucher’s disease is a recessive familial disease of 
lipoid metabolism. It first becomes apparent in child- 
hood and runs a chronic course. Lipoid metabolism 
being incomplete, the cells of the reticulo-endothelial 
system take up lipoids from the blood stream, becom- 
ing progressively distended. There are two types of 
the disease, a visceral and an osseous, depending on 
where the chief lipoid deposits occur. In the visceral 
form there is enlargement of the spleen, liver, and lymph 
nodes, with only slight changes in the bones. In the 
osseous form, the spleen, liver, and lymph nodes are 
not so greatly enlarged; there are extensive deposits in 
the bones, and anemia is more profound. 

Bone changes may appear anywhere in the skeleton 
but are most prominent in the femora and spine. The 
lower ends of the femora show general osteoporosis, 
expansion, particularly on the mesial aspect, cortical 
thinning, and small medullary areas of erosion of the 
trabeculae. In the other bones, osteoporosis and ex- 
pansion of the distalends may appear. Osteoporosis of 
the spine may produce a kyphosis. 

Acase is reported. SypDNEY J. Haw.ey, M.D. 


Hypertrophic Osteoarthropathy: Case Report. 
Edward M. Kline. Am. J. Roentgenol. 54: 519-523, 
November 1945 

In 1889 von Bamberger (Wien. klin. Wchnschr. 2: 
226, 1889) reported 2 cases of bronchiectasis with skele- 
tal involvement. Pierre Marie (Rev. de méd. 10: 1, 
1890) reported the same condition one year later, 
calling it hypertrophic pulmonary osteoarthropathy. 
The bone changes may, however, be secondary to other 
than pulmonary lesions. The pathogenesis of this con- 
dition is best explained either by the ‘‘toxic theory”’ or 
the “defective circulation theory.’’ Von Bamberger 
was unable to produce the condition experimentally by 
injecting bronchiectatic secretions into the rectum of 
young rabbits. Mendlowitz and Leslie (Am. Heart J. 
24: 141, 1942) simulated congenital heart disease in 
dogs by anastomosing the left pulmonary artery to the 
left auricle. In one of two animals which showed in- 
creased cardiac output following this procedure, a 
definite subperiosteal proliferation developed. 

The author reports a case in a boy, aged fourteen, 
who had tuberculosis of one knee, Pott’s disease of the 
dorsal spine and, later, pulmonary tuberculosis with a 
large cavity in one apex. There was extreme emacia- 
tion, with genital underdevelopment and clubbing of 
the fingers and toes. The long bones were nearly all 
involved, showing periosteal proliferation and lamina- 
tion and demineralization. The distal epiphyseal region 
was more affected than the proximal. The patient died 
about sixteen months after he was originally observed. 

CLARENCE E. WEAVER, M.D. 


Rheumatoid Spondylitis: A Study of One Hundred 
Cases, with Special Reference to Diagnostic Criteria. 
Edward W. Boland and Arthur J. Present. J. A.M. A. 
129: 843-849, Nov. 24, 1945. 

Summarizing present-day conceptions of the chronic 
Progressive disease of the spine which is known by 
such terms as rhizomelic spondylitis, Marie-Striimpell’s 
disease, etc., the authors conclude that the evidence 
favors the concept that the disease is actually a variant 
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of rheumatoid arthritis. The name ‘rheumatoid spon- 
dylitis’’ is therefore used to describe the syndrome 

No definite precipitating factor could be demon- 
strated in the 100 cases studied. Onset was usually in- 
sidious. Almost invariably the first complaints were 
limited to the lower part of the back, with episodes of 
aching and stiffness, transient back pain, or sciatica. 
Various other complaints were likewise encountered. 

Roentgenographic features are quite characteristic. 
The earliest changes are usually in the sacroiliac region 
and consist in a blurring or ‘“‘ground glass’’ appearance 
about the joints. The margins are no longer distinct or 
they may appear broken. The juxta-articular portion 
of the ilium and frequently the sacrum may demon- 
strate increased density, spotty osteoporosis, or both. 
More advanced changes are readily recognized 
Changes in the apophyseal joints are not as definite or 
as constant as those in the sacroiliac articulations. 
Even with special technics, detailed studies often yield 
disappointing results. When changes are found early, 
they consist in haziness and indistinct outlining of the 
joint space. Later changes up to bony ankylosis are 
seen. Calcification and ossification of the paravertebral 
ligaments do not develop until the disease is moderately 
advanced. 

The clinical course is variable, usually gradual, but 
going on relentlessly to the stage of ‘‘poker-back’’ de- 
formity. The importance of suspecting the disease in 
cases of back pain is emphasized. It is pointed out that 
the possibility of rheumatoid spondylitis cannot be 
eliminated on the basis of negative roentgenograms 
alone unless persistent symptoms have existed for at 
least three years. N. R. Surprpey, M.D. 

(University of Michigan) 


Pneumoroentgenography with Oxygen in the Diag- 
nosis of Internal Derangements of the Knee Joint. 
H. H. W. Brooke, W. C. MacKenzie, and J. R. Smith. 
Am. J. Roentgenol. 54: 462-469, November 1945. 

The anatomy of the knee joint, the capsule, the men- 
isci, and the synovial membrane is reviewed. The tech- 
nic of injection of oxygen into the joint cavity is de- 
scribed. After the injection of oxygen a tight elastic 
bandage is applied to compress the suprapatellar recess 
and thus force as much gas as possible down into the 
joint space proper. The exact position of the joint is 
located under the fluoroscope and is marked with a skin 
pencil. The knee joint is placed in an anteroposterior 
position over a curved cassette holder which allows 
about 30° flexion of the joint. Films are made in 
anteroposterior, 45° external rotation, 45° internal 
rotation, and true lateral positions. All exposures are 
on extra-speed or non-screen film in cardboard holders 
The central ray is projected through the previously 
marked joint space, which requires a 10° to 15° tilt of 
the tube cephalad. 

The following points are of diagnostic value in the 
interpretation of pneumoroentgenograms of the knee 
joint: 

1. Roughening and narrowing of cartilage surfaces, 
either articular surface coverings or the semilunar car 
tilages 

2. Uninterrupted gas columns along the inner aspect 
of the collateral ligaments of the joint where capsular 
structure should be firmly attached to the periphery of 
the menisci 

3. Increase in the soft tissue (increased density) in 
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the intercondylar or non-articular region of the joint 
with a corresponding lack of density in the lateral or 
medial region. 

4. Separation of the meniscus shadow from the 
contiguous bone structures. 

5. Loose or semi-loose bodies calcified or otherwise. 

6. Joint space narrowing. 

7. Exostosis and eburnation of the articular sur- 
faces. The last three findings can be shown on routine 
roentgenograms of the knee. Cruciate ligament injury 
has not so far been demonstrated. 

This procedure should not be used routinely but only 
in those cases which present a difficult diagnostic prob- 
lem. In these cases it has proved to be a useful adjunct 
in diagnosis. CLARENCE E. WEAVER, M.D. 


Genu Varum in Children: Typical Roentgen Picture. 
Axel Renander. Acta paediat. 33: 98-103, Oct. 31, 
1945. (In English.) 

A case of genu varum of unknown etiology, in a two- 
and-a-half-year-old boy, is presented. Roentgen ex- 
amination of the knees revealed the general calcium 
content to be normal. The epiphyseal line in the 
proximal tibial epiphysis was sharply outlined but some- 
what wavy. The temporary calcific zone was of normal 
thickness in the epiphysis; on the metaphysis side it 
was somewhat thickened, especially medially. At this 
point the metaphysis showed a bracket-like projection 
The bone structure in the projection was partly scler- 
otic and partly irregular, due to areas of rarefaction in 
the sclerotic tissues. The epiphysis was perhaps slightly 
lower than normal medially, but its bone structure was 
normal. Films of the femur suggested changes of the 
same kind. The epiphyseal line was somewhat broader 
than normal medially, and there were medial thickening 
and sclerosis of the zone of temporary calcification on 
the metaphyseal side and projection of the metaphysis 
in a point. 


Significance of Recurrent Osgood-Schlatter Strain. 


O. T. Steen. Canad. M. A. J. 53: 468-471, November 
1945. 

A series of 14 cases of Osgood-Schlatter disease, or 
strain, as the author prefers to call it, is presented in an 
attempt to correlate the radiographic and clinical as- 
pects. It is shown how the tibial tubercle develops as a 
tongue projecting downward from the epiphysis of the 
tibial head. This occurs between the ages of five and 
ten years. In the course of its development the tubercle 
may assume numerous variations in size and shape; 
occasionally it may develop from multiple centers. 

Good roentgen technic is essential for accuracy in the 
diagnosis of this condition. It is recommended that 
every examination of the knee include a lateral film of 
the tibial tubercle area and also a film of the opposite 
side for comparison. The age of the patient is of para- 
mount significance, since a non-fused epiphysis at the 
age of twenty-one may be the first sign of abnormality. 

The outstanding radiologic feature, seen in all cases, 
is the presence of tubercle epiphyseal fragments or 
centers unfused after the age of twenty-one. The un- 
fused fragments may appear irregular in contour, 
heavily sclerosed (giving an amorphous appearance), 
or relatively osteoporotic. Other radiologic signs, 
which may be present in various combinations, are: a 
large major fragment with straight edges and sharp 
corners, elevated from the tubercle bed; fibrous bands, 
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made visible by dense scarring and often containing cal. 
cium deposits, joining the loose bodies to each other 
and to the tubercle bed; irregular amorphous calcium 
about the tubercle bed from a calcifying hematoma: 
osteomatous projections of the tubercle bed Presumably 
due to traction on accumulated soft osteoid tissye in- 
cident to attempted repair. 

Analysis of the reported cases indicates that the on. 
set of symptoms is often between the ages of fourteen 
and seventeen years, when athletic activity at school is 
most strenuous. The unfused tubercle is most suscep- 
tible to injury at this age. Trauma may be direct or in- 
direct, the latter due to a violent pull of the quadriceps 
muscle on its ligamentous insertions. Following the 
initial injury, failure to immobilize the damaged part 
adequately results in an unequal battle between the 
natural reparative tendency and the continuing damage 
done by the repeated minimal trauma of physiological 
locomotor activity. The stress tolerance of the injured 
tissues is lowered and accumulating damage and per- 
sistent irritation result. The inflammatory and pro- 
liferative response to repeated minimal trauma has led 
pathologists to call the condition osteochondritis, 
though there is nothing about the lesion to suggest in- 
fection. 

Illustrations are included to demonstrate the radio- 
graphic aspects. PuiLip W. Dorsey, M.D. 


Ainhum (Dactylolysis spontanea): Report of Two 
Cases from Illinois. Arkell M. Vaughn, John W. 
Howser, and George Shropshear. Ann. Surg. 122: 
868-877, November 1945. 

Two cases of ainhum are reported from Illinois. 
While these are the fiftieth and fifty-first cases, respec- 
tively, recorded in the United States since 1881, no 
“‘true’’ case has been reported in a white patient. Both 
the authors’ patients were adult colored males who first 
noted a constricting band about the base of the fifth 
toe approximately two years before observation. 

The symptoms of ainhum are purely local. The 
characteristic roentgenographic findings are narrowing 
of the shaft, thinning of the cortex of the phalanx, path- 
ologic fracture, and rotation of the distal phalanx. The 
etiology is poorly understood. The differential diagnosis 
must take into consideration leprosy, syringomyelia, 
Raynaud’s disease, neurotrophic ulcer, fissure due to 
injury, sclerodactylia, scleroderma, and congenital con- 
striction from an amniotic band. The treatment of 
choice is a metatarsophalangeal disarticulation, with 
removal of the metatarsal head. The general health is 
in no way affected. 

A tabular analysis of 10 cases recorded in the United 
States in 1938-45 is included to supplement the table of 
earlier American cases published by Spinzig (Am. J. 
Roentgenol. 42: 246, 1939). 

ELLwoop W. Goprrey, M.D. 


Review of Fractures and Dislocations of the Carpus. 
Hewson I. J. Kellam and Paul F. McGoey. Canad. 
M. A. J. 53: 332-335, October 1945. 

The authors cite their experiences with 192 injuries 
of the carpus. They found that among 331 successive 
fractures of the radius and ulna, 7 per cent had asso- 
ciated fractures or dislocations of the wrist bones. 
Approximately 83 per cent of the carpal injuries were 
of the scaphoid. Usually scaphoid fractures were demon- 
strable on the first x-ray examination; occasionally re- 
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peat studies were mecessary for confirmation of a 
clinical diagnosis, and in a few instances the fracture was 
visible only on an oblique film. The treatment for 
scaphoid fractures consisted of immediate immobiliza- 
tion in a plaster-of-Paris bandage, with the wrist in 
slight dorsiflexion and radial deviation. The average 
period required for union was thirteen anda half weeks. 
The greater the interval between injury and immobili- 
zation, the longer was the period before union was estab- 
lished. Unreduced displacement of fragments was also 
a factor in late union. Operative interference was 
limited to cases with avascular necrosis and ununited 
fractures with pain and local arthritic change. Arthri- 
tis was not usually demonstrable roentgenologically be- 
fore three months. 

Fractures of the triquetrum, next in frequency to 
scaphoid injuries, were treated with a “‘Colles type of 
plaster” and an average of five weeks was required for 
union. 

The lunate bone was most frequently dislocated. An 
unusual dislocation of the hamate and capitate, with 
interposition of the triquetrum, is illustrated. 

RUSSELL WI1GH, M.D. 


March Fractures. Walter Scott. Surg., Gynec. & 
Obst. 81: 525-529, November 1945. 

The author reports a study of 58 cases of march frac- 
ture. Metabolic studies were made in 48 of these, lead- 
ing to the conclusion that a mild hypothyroid state may 
be a predisposing factor. 


GYNECOLOGY AND OBSTETRICS 


Value of Salpingography in Surgical Diagnosis. 
Phineas Bernstein. Am. J. Surg. 70: 164-175, Novem- 
ber 1945 

Because of the intimate association of the fallopian 
tubes with the ovaries and other adnexal structures, it is 
to be expected that any significant tumor or other pel- 
vic mass involving these organs will produce some 
demonstrable change in the contour of the tube—pro- 
viding, of course, it remains patent and the dye is able 
to outline the lumen. Large ovarian tumors will 
lengthen the tube and pull it up out of the pelvis as they 
expand, and often the lengthened tube may be seen 
almost coiled about the suspected mass. A normal 
appearing dye shadow of the uterine cavity and both 
tubes would appear to indicate that a suspected mass 
has no affiliation with these structures and may arise 
primarily from the upper abdomen. 

From 4 to 6 c.c. of Viscorayopake is injected into the 
cervical canal in the conventional manner and films are 
made while maintaining slight pressure on the plunger 
of the syringe. Fluoroscopic observations may be 
made. After the examination, variable quantities of the 
dye may be suctioned back; often all is recovered if the 
uterotubal junction is blocked. Viscorayopake seems 
to overcome the objections to lipiodol in that it may be 
absorbed into the blood stream with no ill effect; in fact, 
it is rapidly excreted by the kidneys, thereby outlining 
the renal collecting system and ureters. 

The procedure is contraindicated during active 
uterine bleeding, during the interval phase of ovulation, 
and during the six-month postpartum period or for 
thirty days following surgical procedures about the pel- 
vis. Acute pelvic infections, acute endocervicitis, 
gonorrhea, intrauterine or ectopic pregnancy, and cer- 
vical carcinoma are also contraindications. 
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Four cases are reported, with surgical confirmation, 
in which the procedure indicated the correct diagnosis 
when results of the bimanual examination were doubt- 
ful. ALFRED O. MILLER, M.D. 


The Diagnosis of Cephalopelvic Disproportion. W. 
T. McConnell. Kentucky M. J.43:303-307, November 
1945. 

The following simple method for roentgen pelvimetry 
has been devised by the author and used for over twenty 
years with satisfactory results, although no comparative 
statistics are given. 

In a cephalic presentation, anteroposterior and lat- 
eral views are taken of the mother’s pelvis. The longest 
diameter of the fetal skull is measured in centimeters 
on the anteroposterior film and this amount is sub- 
tracted from the value of the longest transverse diam- 
eter of the inlet. Similarly, on the lateral projection, 
the value of the longest diameter of the fetal skull is 
subtracted from that of the anteroposterior diameter 
of the inlet, measured in the usual manner from the 
first sacral segment to the inner surface of the symphy- 
sis. The differences obtained from the two sets of 
measurements are added and then divided by 2. The 
following table is used to interpret the factor obtained 
after this division: 


Plus 1.5: No disproportion 

Plus 1.0: Possible disporportion 

Plus 0.5: Probable disproportion 

Plus 0.0: Definite disproportion 

Minus 0.5: Almost absolute disproportion 
Minus 1.0: Absolute disproportion 


The plus 1.0 through minus 0.5 cases are borderline 
In this group, the ability of the head to mold, the 
character of the pains, the ease with which the cervix 
dilates, the degree of ossification of the skull, the angle 
of the inlet, the shape of the sacrum, other pelvic ab- 
normalities, and the status of the soft tissues in the 
birth canal will determine the method of delivery. The 
test of labor can be used before cesarean section is 
elected. Where the measurement factor is minus 1.0, or 
beyond, section is always performed without the test of 
labor. 

In a breech presentation, anteroposterior and postero- 
anterior projections of the abdomen are made. The long 
diameter of the fetal head is obtained by averaging the 
longest diameters on both films. The longest transverse 
diameter of the inlet is likewise averaged from the two 
films. The average figure obtained from the fetal head 
is then subtracted from the inlet diameter. The result- 
ant factor is interpreted according to the above table. 

No roentgen aids are used in measuring the pelvic 
outlet, digital examination being relied upon for this 
information. LESTER M. J. FREEDMAN, M.D. 


The Isometric Method of X-Ray Pelvimetry as a 
Routine Procedure. Charles M. McLane. Am. J. 
Obst. & Gynec. 50: 495-500, November 1945 

For four years the author has used the isometric 
technic of x-ray pelvimetry described by Steele and 
Javert (Am. J. Obst. & Gynec. 43: 600, 1942. Abst. in 
Radiology 40: 108, 1943). Asa result, he believes it is 
of great value and that the method ‘“‘gives as much in- 
formation about the pelvis and cephalopelvic relation 
ships as any procedure yet described.”’ 

The method is simple and requires only two films, 
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from which the measurements are made, A distorted 
centimeter scale is prepared and retained for all sub- 
sequent examinations. This scale consists of a series of 
pictures of a centimeter ruler taken at various distances 
from the x-ray table top. The height of the ruler from 
the top of the table is noted beside each distorted pic- 
ture. A photograph of such a scale is shown in the 
article. 

Anteroposterior and lateral films are made with the 
patient in the same position, 7.e., recumbent with three 
pillows under the back to lessen the distorted view of the 
inlet. A notched metal centimeter rule is placed verti- 
cally before the symphysis when the lateral exposure is 
made. 

The usual routine measurements are then made, 
corrections being determined from the distorted cen- 
timeter scale. The author clearly demonstrates the 
system of lines employed in making the measurements. 

STANLEY H. Macunt, M.D. 


Congenital Absence of the Sacrum and Coccyx Com- 
plicating Pregnancy. William Berman. Am. J. Obst. 
& Gynec. 50: 447-450, October 1945. 

A rare congenital abnormality of the pelvis is re- 
ported, in a 20-year-old primipara who was first seen 
when she was sixteen weeks pregnant. She gave a life- 
long history of urinary incontinence, but the remainder 
of the history was essentially negative. 

The patient was of short stature, with a waddling 
gait. The vertebral column was straight and termi- 
nated at the junction of the last lumbar vertebra and the 
pelvic girdle. X-ray films made at term showed the 
pelvic inlet to be asymmetrical, not corresponding to 
any pure type of classification. It was cylindrical in 


shape, with the greatest diameter running antero- 


posteriorly. There was absence of the sacrum and 
coccyx. After an unsuccessful trial of labor, a low ce- 
sarean section was performed, with the delivery of a 
living infant. The child died shortly thereafter and 
autopsy revealed a congenital heart lesion and complete 
atelectasis of all lobes of the lung. Radiographs of the 
infant’s spine showed no abnormalities. 

A case of absence of the sacrum and coccyx, also with 
associated urinary incontinence, was reported by Price 
(Arch. Surg. 26: 1043, 1933). 

STANLEY H. Macurt, M.D. 


THE BLOOD VESSELS 


Arteriovenous Aneurysm of Great Cerebral Vein and 
Arteries of Circle of Willis. Formation by Junction of 
the Great Cerebral Vein and the Straight Sinus and by 
the Choroidal Arteries and Anomalous Branches of the 
Posterior Cerebral Arteries. Bernard J. Alpers and 
Francis M. Forster. Arch. Neurol. & Psychiat. 54: 
181-185, September 1945. 

The third case of arteriovenous aneurysm of the 
great cerebral vein (Galen) and the arteries of the circle 
of Willis to be reported in the literature is presented, 
together with autopsy findings. The lesion was localized 
by finding a crescentic rim of calcification on regular 
skull films. Ventriculography showed internal hydro- 
cephalus, and operation was performed, but the patient 
died two days later. An anatomical description is 
given, and drawings illustrate the abnormality en- 
countered at operation and autopsy to good advantage 

The internal hydrocephalus observed in this patient 
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has been the only common finding in the three cases 

but its exact cause is unknown. = 
R. S. MacIntyre, M.D. 
(University of Michigan) 


Thrombosis and Thrombophlebitis of the Reng 
Veins. Benjamin S. Abeshouse. Urol. & Cutan 
Rev. 49: 661-675, November 1945. 

Renal thrombosis is relatively uncommon. Up to the 
present 228 cases have been reported: of this number 2 
are the author’s. The majority of patients have been 
children; 98 cases occurred before the age of one year. 

In classifying the various types of thrombosis, the 
author has modified Hepler’s classification (J. Urol, 
31: 527, 1934). He recognizes four main groups: (1) 
primary (arising in small capillaries and small or large 
veins); (2) secondary (due to extension from neigh- 
boring veins or to emboli); (3) suppurative; (4) non. 
suppurative. 

The pathogenesis of renal thrombosis and thrombo- 
phlebitis is undetermined. The primary type, originat- 
ing in the venous system of the kidney, may follow an 
acute pyelonephritis, ileocolitis (in children), trauma, 
or surgery. The secondary type may be due to an in- 
flammatory or tumor embolus, retrograde thrombosis, 
or, rarely, compression by an extrarenal mass. The 
pathologic changes are dependent on the anatomical 
location of the thrombus and the presence or absence of 
infection. Asa general rule, the involved portion of the 
kidney is a dark red or chocolate color. There may be 
subcapsular hemorrhages with wedge-shaped destruc- 
tion of the renal parenchyma which is determined by 
venous occlusion. 

Symptoms are variable. Chief among them are local- 
ized pain in the kidney region, hematuria, albuminuria, 
oliguria or anuria, fever, leukocytosis, gastro-intestinal 
symptoms, collapse, and renal enlargement. Amyloid 
disease and lipoid nephrosis are frequently associated 
with renal thrombosis. In most cases, the diagnosis of 
thrombosis is made at operation or at autopsy. In only 
3 of the 228 cases was a correct clinical diagnosis made 

Roentgenograms may show renal enlargement. Retro- 
grade films (intravenous pyelography is of little value) 
in early cases show irregular, incomplete filling of the 
renal pelvis. In a later stage, the renal pelvis may be 
blocked, but the dye can be forced into it, producing 
an irregular shrunken outline, such as may be seen 
in tumors. Irregularity and notching of the renal pelvis 
are due to a marked bullous edema and are often mis- 
interpreted as renal papillomatosis. Thrombosis of the 
renal veins must be differentiated from acute pyelone- 
phritis, renal tumor, perinephritic abscess, acute hemor- 
rhagic nephritis, and thrombosis of the renal artery. 
In the absence of operation, the 


Prognosis is poor. 
The operative 


mortality rate in infants is 95 per cent. 
mortality in a series of 23 cases was 34.5 per cent. The 
ideal treatment would seem to be removal of the 
thrombus from the renal vein but this has never been 
done except in the case of tumor thrombi. As a prac- 
tical substitute, nephrectomy is performed. Preopera- 
tive and postoperative care is extremely important, and 
it is best to consult with the pediatrician and the clini- 
cian as to the best course to follow. Femoral vein liga- 
tion is recommended as a prophylactic measure against 
development of renal thrombi in cases of thrombophle- 
bitis of deep veins of legs complicating pregnancy, dis- 
eases of the female pelvic organs, and urological and 
gynecological surgery. Maurice D. Sacus, M.D. 
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SINUS TRACTS 


Roentgenologic Exploration of Sinus and Fistulous 
Tracts. Benjamin Copleman. Am. J. Surg. 70: 197- 
900, November 1945. ; 

" Seven cases are presented illustrating the roentgen 
study of sinus and fistulous tracts. Draining sinuses 


are too often treated by non-interference, when a de- 
tailed investigation might easily lead to the discovery of 


a remediable lesion. None of the patients in the series 
reported suffered any ill effects from the examination. 
Every wound in which healing is not soon established 
should have the benefit of roentgen study. 

The author does not discuss the technic in any detail, 
nor does he evaluate the different opaque media. Lipio- 
dol was the only medium used in the presented cases. 
The advantages of sodium iodide solution are not con- 
sidered. CHARLES R. PERRYMAN, M.D. 


RADIOTHERAPY 


NEOPLASMS 


Results in the Treatment of Skin Cancer. Leonard 
B. Goldman. New York State J. Med. 45: 2186-2189, 
Oct. 15, 1945 

Almost 100 per cent 5-year cures were obtained at the 
Queens General Hospital, (Jamaica, N. Y.) in the treat- 
ment of 267 cases of skin carcinoma from 1936 to 1945. 
The therapeutic measures included radon, radium and 
roentgen irradiation, electrocoagulation, and surgical 
excision. 

The importance of administering a cancericidal dose 
of radiation at the first attempt at treatment is stressed. 
The author prefers to give this dose at one sitting when 
possible, using the fractionated method only in large 
lesions. Irradiation is the method of choice for lesions 
of the face since least scarring results. 

Glass radon bulbs, 5 mm. in size, or glass radon seeds 
10 mm. in length and varying in strength from 10 to 
200 me., are applied directly to precancerous lesions or 
small, superficial basal-cell carcinomas for a total dose 
of 300 to 600 millicurie minutes. The caustic beta rays 
are responsible for the lethal effect obtained. Gold 
radon seeds are used to good advantage in lesions 1 cm 
or less in diameter having an irregular surface. They 
may be applied directly or planted interstitially. Ina 
flat lesion 1 cm. square, 4 gold seeds of 1 mc. each are 
placed about the growing edge for approximately 300 
me. hr. or 2.3 mc. destroyed. A lethal effect is obtained 
by implantation of one 2-mc. gold seed into a lesion 0.5 
cm. in diameter and of 3 seeds totaling 5 mc. into a 
lesion 1.5cem.in diameter. Radium in lead or platinum 
tubes may be placed in position with adhesive tape for a 
total of 150 to 300 mg. hr. per square centimeter. If 
the lesion is over 0.5 cm. in thickness, radium is used at 
adistance of 1 cm. by means of a dental compound mold 
With this application and using 1-mm. platinum filtra- 
tion, a minimum dose of 1,500 mg. hr. is delivered 
with an increase to 2,000 mg. hr. if the lesion shows 
marked infiltration or if there is adherence to bone or 
cartilage. 

Roentgen therapy has an advantage over radium 
therapy where the lesion is located near sensitive areas, 
such as the eyelids. Adequate screening can be ob- 
tained with lead foil 0.5 mm. thick when low voltages 
are used, whereas impractical thicknesses of lead are 
needed for gamma-ray protection. Chaoul contact 
therapy or 100-kv. unfiltered radiation may be used on 
the small superficial lesions, for a minimum of 4,000 r in 
one dose. The bulky forms of skin cancer are best 
treated with roentgen ray (120 to 140 kv., 2 to 4 mm. 
aluminum filtration), with a dose of at least 5,000 r, 
which may be fractionated. 

In the absence of x-ray or radium, electrocoagulation 


may be elected to eradicate small lesions. Destruction 
must be wide to be effective. Electrocoagulation is also 
indicated in the treatment of recurrent lesions following 
irradiation. 

Surgical excision is used primarily in treating carcino- 
mas of the extremities, since these tumors are notori- 
ously radioresistant. The incidence of regional node 
involvement is relatively high and in selected cases 
regional block dissection is advised. Irradiation of the 
drainage areas was found to be of dubious value. If it 
is to be effective, a sharp epidermitis must be obtained. 
The scalpel is also employed to remove a post-irradia- 
tion ulcer which fails to respond to conservative meas- 
ures. Plastic repair should be delayed six months if 
doubt exists as to complete excision of the tumor. 

LESTER M. J. FREEDMAN, M.D. 


Some New Facts Concerning the Prognosis and 
Treatment of Carcinoma of Cervix by Radiation. Mal- 
colm Donaldson. Proc. Roy. Soc. Med. 39: 10-17, 
November 1945. 

Donaldsen deals first with the question of why car- 
cinomas of the cervix considered of similar stage as to 
advancement should show such different responses to 
radiation. This, he points out, hinges for the most 
part on the histology of the tumor. He calls attention 
to the fact that ‘“‘radiocurability’’ keeps pace quite well 
with the degree of differentiation of cell structure: the 
less differentiated growths are most apt to show recur- 
rence after treatment. In the history of these tumors, 
the more differentiated have usually been of the slowest 
growth. 

Prognosis should be based upon pre-irradiation biopsy. 
Material should be taken from the growing edge of the 
tumor; that from the center may be too necrotic to be of 
value. [Italics are the abstractor’s.| Sections are 
taken at least twice during treatment for comparison, 
to determine if the original idea as to prognosis has been 
correct. In view of his observations, the author has 
adopted the massive dose method, rather than frac- 
tionation, in the radium therapy of undifferentiated 
growths. Histologic studies suggest definite improve- 
ment following this change in technic, but clinical re- 
sults are not yet available. 

Drs. Neary, Green, and Blomfield discuss Donald- 
son’s paper, taking up the matter of radium technic. 
They point out that extensions in the broad ligament 
are relatively unaffected by intra-uterine applicators 
They estimate that around the cervix they deliver about 
8,000 r and at the level of the pelvic wall about 4,000 r. 
The rectum receives about 4,000 r. 

The authors and discussants are to be commended 
for their frankness and honesty of approach, and their 
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willingness to dwell upon radiation failures in carcinoma 
of the cervix, an attitude too seldom encountered. 
Percy J. DELANO, M.D. 


Treatment of Carcinoma of the Cervix by Interstitial 
Radium Needles at the Rhode Island Hospital: Supple- 
mental Report. George W. Waterman and Ralph Di- 
Leone. Am. J. Obst. & Gynec. 50: 482-488, November 
1945. 

The purpose of this paper is to report the ten-year 
survival rates in 309 cases of cervical carcinoma seen 
between 1926 and 1933, and to add a new series of 198 
cases seen between 1934 and 1938. The total of 507 
cases is then reviewed. The cases were seen in the 
Gynecological Tumor Clinic of the Rhode Island Hos- 
pital, where treatment is by interstitial radiation with 
long platinum needles of low intensity (see Pitts and 
Waterman: Surg., Gynec. & Obst. 64: 30, 1937. Abst. 
in Radiology 28: 516, 1937), with the addition of deep 
roentgen therapy in 1936 and thereafter. 

The cases are classified into four clinical stages. The 
percentages for each stage are quoted for the old as well 
as for the new series. These totaled 3.9 per cent, 30.8 
per cent, 41 per cent, and 24.3 per cent for stages 1, 2, 
3, and 4, respectively. It was noted that the incidence 
of Stage 3 cases had increased while that of Stage 4 
cases had appreciably decreased, indicating some effect 
of cancer education on the community, but the per- 
centages of earlier cases showed little change. 

Of the 309 patients treated between 1926 and 1933, 
100 (35.7 per cent) survived five years and 69 (24.5 
per cent) survived ten years. Of the second group of 
198 cases, 21 were too advanced to be treated. Of those 
treated, 36.7 per cent survived five years. During the 
years 1936 to 1938 the results were improved by the 
addition of deep x-ray therapy. Among 127 cases 
treated in that period there were 44.9 per cent five-year 
survivals as compared to the previous 36.7 per cent 
survival rate. In the total group of 507 cases there was 
a 36 per cent survival rate at the end of five years. 
[The percentages given here are ‘‘relative,’’ obtained 
by deducting those cases too advanced for treatment, 
those in which treatment was refused, and those re- 
ceiving primary treatment elsewhere. Absolute per- 
centages are also included in the original paper. | 

Complications due to treatment included fistulas, 
trophic ulcerations and hemorrhage, ureteral stricture, 
and other urinary tract lesions. There were altogether 
21 such injuries, or 11.8 per cent, in 177 cases treated in 
1934-38. In 24 cases, intestinal lesions (including 
fistulas) developed. 

The effect of age on five-year survivals was noted 
and, contrary to the usual belief, it was found that a 
definitely better prognosis existed for the younger age 
group in this series. 

The authors emphasize the need for carefully working 
out the distribution and spacing of the radium sources 
in order to compute tissue dosage for the individual 


patient. STANLEY H. Macurt, M.D. 


NON-NEOPLASTIC DISEASE 


Disease. J. H. 
Means. Ann. Int. Med. 23: 779-789, November 1945. 

The author introduces the term ‘‘hyperophthalmo- 
pathic Graves’ disease’”’ to designate those cases of endo- 


Hyperophthalmopathic Graves’ 
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crine imbalance in which “‘the ophthalmic Phenomena 
overshadow the thyrotoxic, in which, indeed, thyro. 
toxicosis may actually be absent.” Attention is called 
to the paper here because of the brief mention of irradia- 
tion in the discussion of therapy. Irradiation of the 
pituitary, in order toreduce its thyrotropic activity, was 
tried in one case. Rapid and impressive improvement 
followed, but whether or not this was due to the treat. 
ment is not certain. Roentgen-ray treatment to the 
retrobulbar portion of the orbits was also tried in a 
number of cases, with questionable benefit in a few. 
The rationale of this therapy is that the muscles are the 
seat of lymphocytic infiltration, which might be dis. 
pelled by roentgen-rays with consequent diminution in 
bulk, and perhaps improvement in muscle tone. 


Struma Lymphomatosa, Struma Fibrosa and Thy- 
roiditis. J. A. Schilling. Surg., Gynec. & Obst. 81; 
533-550, November 1945. 

There is generally some confusion in the various 
groups of non-specific chronic thyroiditis, i.e., struma 
lymphomatosa (Hashimoto), struma fibrosa (Riedel), 
and the pseudo-giant-cell type, or struma granulo- 
matosa (De Quervain). It is the author’s opinion that 
struma lymphomatosa is a definite clinico-pathological 
entity of unknown etiology while struma fibrosa and 
its pseudo-giant-cell variant are different manifestations 
of the response of the thyroid to inflammation. 

Struma lymphomatosa occurs between the ages of 
40 and 60 and is limited almost exclusively to females. 
The predominant complaint is usually a goiter with 
vague pressure symptoms which has been present for a 
number of years. There is usually a history of recent 
acceleration of symptoms. The gland is diffusely en- 
larged and firm to moderately hard to palpation. It 
may be fixed to the trachea on swallowing and is seldom 
tender. The basal metabolic rate in the author's cases 
was —5 to —25 per cent. Microscopically there is a 
uniform degeneration of the acini with a diffuse infiltra- 
tion of lymphocytes throughout the gland, in all cellular 
planes and between the acini. There are numerous 
areas of lymph follicles with their characteristic ger- 
minal centers composed of larger lymphocytes and retic- 
ulum cells with their mitotic figures. 

Struma fibrosa and its giant-cell variant occur be- 
tween the ages of 20 and 40, and predominantly, though 
not exclusively, in females (60 to 80 per cent). The 
symptoms are largely due to pressure; in the giant-cell 
variant there may be stabbing shooting pains in the 
shoulder, neck, and ear. The duration of symptoms 
varies from one to two years in the case of struma fibrosa 
and from one to twelve months in the case of the giant- 
cell variant. In 30 per cent of the cases the involve- 
ment is unilateral. The consistency is one of extreme 
hardness and a malignant growth is often suggested. 
There are usually dense, firm adhesions to the surround- 
ing soft tissues in struma fibrosa, while in the giant- 
cell variant this is usually not the case. Microscopically 
struma fibrosa presents a striking picture of hard, dense, 
hyalinized, straight, fibrous tissue, and little else at 4 
casual glance. Epithelial elements, if they remain, are 
compressed; usually there is complete absence of acinar 
epithelium. In the giant-cell variety there is a marked 
increase in fibrous tissue that is hard, coarse, and often 
hyalinized, though to a lesser degree than in struma 
fibrosa. There is an acute degenerative process in the 
acinar epithelium and often many stages of this de- 








tember 1946 


+henomena 
ed, thyro. 
on is Called 
Of irradia. 
ion of the 
tivity, Was 
rovement 
the treat- 
nt to the 
Tied in a 
in a few. 
es are the 
it be dis. 
nution in 
e. 


nd Thy- 
)bst. 81: 


Various 
, Struma 
Riedel), 
granulo- 
ion that 
ological 
osa and 
Stations 


ages of 
emales. 
er with 
nt for a 
“recent 


on. It 
seldom 
S cases 
re is a 
ifiltra- 
ellular 
nerous 
ic ger- 
l retic- 


ur be- 
hough 

The 
it-cell 
n the 
ytoms 
brosa 
riant- 
olve- 
reme 
sted. 
und- 
iant- 
cally 
nse, 
ata 
, are 
inar 
tked 
ften 


ima 
the 
de- 












Vol. 47 





generation may be seen, varying from hyperchromatic 
nuclei to a coalescence of epithelial cells with the forma- 
tion of an intra-acinar cell mass or a pseudo-giant cell. 

It is important to differentiate these conditions from 
malignant growths of the thyroid in order to save the 
patient from the postoperative complications which 
may follow radical resection of the gland and regional 
lymph nodes. Usually the malignant tumor is nodular, 
with an irregular surface, in contrast to the diffuse 
smooth enlargement in the conditions under discussion. 
There is also frequent invasion of adjacent tissues, with 
regional lymph node involvement. This condition may 
be quite difficult to distinguish from a late hard struma 
fibrosa. However, the diffuseness of the latter process, 
even if confined to one lobe, and its excessive hardness, 
serve to differentiate it from a malignant tumor. 

Treatment should be aimed at relief of symptoms. 
A positive diagnosis is essential. Thus biopsy, irrespec- 
tive of the form of therapy, should be carried out as a 
preliminary procedure if there is any question of the 
diagnosis at operation, or if treatment solely by x-ray is 
contemplated. Roentgen irradiation alone, following 
biopsy, has given excellent results in struma lympho- 
matosa. It may almost be used as a diagnostic test. 
The response is rapid and the gland will shrink mark- 
edly in size in two or three weeks. Deep x-ray of ade- 
quate voltage is sufficient, up to 1,200 to 1,500 r on each 
side of the neck in divided doses of 100 to 200 r. Time 
must be allowed to elapse between courses of radiation 
to allow for skin tolerance of the dose administered. 
In one of the author’s cases there was permanent 
regression of the gland after 800 r to each side of the 
neck. In another there was an excellent initial re ponse 
to the same dose, but recurrence after six weeks re- 
quired additional treatment, which was followed by a 
favorable result. The effect of x-ray therapy on pseudo- 
giant-cell thyroiditis may be sufficient to warrant its 
use. However, it is hard to evaluate, as this earlier, 
more acute form of thyroiditis often subsides spontane- 
ously and without operation. X-ray therapy is ineffec- 
tive for the late stages of fibrosis described under struma 
fibrosa. 

Eleven case histories; are included. A long list of 
references is appended. ALFRED O. MILLER, M.D. 


RADIATION EFFECTS 


Small Bowel Stricture Following Radiation Therapy 
for Carcinoma of the Fundus Uteri. Harry C. Saltz- 
stein. Surgery 18: 556-560, November 1945. 

Practically all the recorded cases of post-irradiation 
damage to the small intestine have followed treatment 
for cervical cancer. The author, however, found 3 
case reports of bowel damage following treatment for 
corpus carcinoma and here adds a fourth. Although 
treatment was in part by radium, the damage appar- 
ently followed protracted courses of x-ray therapy, 
since at operation there was widespread involvement of 
the entire small bowel and other abdominal organs. 

The patient was a 49-year-old woman with adeno- 
carcinoma of the fundus and cardiac disease contra- 
indicating operation. X-ray therapy was given to the 
abdomen with daily treatments for six weeks. Six 
months later radium was inserted in the uterus for one 
week. One month after this, another series of deep 
X-ray treatments was given, daily for five to six weeks. 
Diarrhea started shortly thereafter, followed by ab- 
dominal pain and cramping, weight loss, and anorexia 
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Supportive treatment led to improvement in the general 
condition, but after several months cramp-like ab- 
dominal pain recurred. Following a sudden severe 
attack associated with vomiting, the patient was hos- 
pitalized and treated with small bowel intubation. 
X-ray examination showed moderate dilatation of the 
small bowel loops, many of them filled with gas. The 
barium passed slowly beyond the upper jejunum and 
at the end of six hours was still present in the upper 
small bowel. A 24-hour film showed barium distributed 
throughout the intestine. There was some irregularity 
of the small bowel pattern in the pelvis. Some of the 
barium had apparently passed into the large bowel and 
was seen in the region of the cecum. The x-ray diag- 
nosis was incomplete small bowel obstruction, but it 
was uncertain whether this was due to x-ray damage or 
to metastatic deposits in the abdomen. Following two 
similar attacks at intervals of several weeks, it was 
decided that the obstruction was probably due to 
adhesion’, and operation was undertaken 

As the abdomen was entered, the fat seemed fibrous 
and thickened, the fascial layer was not clearly defined, 
the muscle was a dark chocolate color. The small in- 
testine was thin and pale and the blood vessels were not 
very prominent. The uterus was normal in size. The 
lateral folds were adherent. Posteriorly the sigmoid 
was adherent to the posterior surface of the uterus in 
the cul-de-sac, the adnexa were bound down low in the 
pelvis and were small and atrophic, the adhesions being 
quite dense. Further exploration of the deep pelvis 
revealed a matting down of the adnexa posterior to the 
uterus. 

Exploration of the small bowel showed a thickening 
of the terminal ileum for about 12 inches. At one point, 
10 inches from the cecum, there was a dense adhesion 
binding the small bowel to the anterior right peritoneum 
far out toward the cecum. The omentum in the region 
of the liver was densely adherent to he under surface 
of the liver and to the parietal peritoneum. The whole 
picture was one of post-x-ray therapy damage, with 
exten ive changes in the small bowel, pelvic organs, 
omentum, and peritoneum. The patient made a good 


recovery. J. E. WHITeLeaATHER, M.D 






Possible Effectiveness of the L. Casei Factor (‘‘Folic 
Acid’’) Concentrates on Refractory Anemia and Leuko- 
penia, with Particular Reference to Leukopenia Follow- 
ing Radiation Therapy. C. J. Watson, W. H. Sebrell, 
J. L. McKelvey, and F. S. Daft. Am. J. M. Sc. 210: 
463-470, October 1945. 

The effectiveness of the L. casei factor (“‘folic acid’’) 
and its concentrates in the treatment of leukopenia in 
rats receiving a deficient diet plus sulfonamides has been 
fully established. It was decided to use the material in 
patients suffering from refractory or aplastic anemia, as 
well as in those in whom leukopenia alone, of various 
causes, was exhibited. An arbitrary dose of 5 mg. per 
day for six days was decided upon. Half of the mate- 
rial was given in the forenoon and half in the late 
afternoon, usually in milk or tomato juice 

In so far as the refractory anemias were concerned, 
it was scarcely hoped that the L. casei factor concen- 
trates would achieve the beneficial effects observed 
experimentally, since there was no reason to believe 
that a dietary factor was operative in the human cases 

The only changes which might be construed as related 
to the administration of folic acid were in the group of 
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leukopenias following roentgen therapy. Here there 
was a consistent increase in the leukocytes following the 
administration of folic acid concentrates. This increase 
occurred in spite of continued radiation therapy. 
Where radium was used, this observation was not con- 
sidered valid, since radium alone will sometimes produce 
marked increases in the leukocyte count. 

Although the leukocyte increases have not been 
proved to be due to the administration of folic acid, the 
results justify further investigation. 

BENJAMIN COPLEMAN, M.D. 
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Plastic Repair of Radiation Ulcers of the Sole. Paul 
W. Greeley. U.S. Nav. M. Bull. 45: 827-330, Novem- 
ber 1945. 

A simplified method of plastic repair of post-irradia- 
tion ulcers developing under the metatarsal heads 
(following excessive doses of x-rays or radium in the 
treatment of plantar warts) is described. This opera- 
tion, which includes disarticulation of the toe at the 
metatarsophalangeal joint, is limited to those lesions 
near the bases of the small toes; the great toe should 
never be sacrificed. 


EXPERIMENTAL STUDIES 


Quantity and Quality of the Radiations Scattered 
within a Medium Irradiated by High Voltage Radiation. 
C. W. Wilson. Brit. J. Radiol. 18: 344-355, November 
1945. 

To interpret the dose of radiation in terms of energy 
absorbed, it is necessary to know the atomic charac- 
teristics of the absorbing media and the quantity and 
quality of scattered radiation as well as of the primary 
beam. The determination of the quantity and quality 
of the scattered radiations is very complex and at pres- 
ent is at best an approximation. Measurements of both 
quantity and quality were made under varying condi- 
tions and compared with calculated values. 

Quantitative measurements yielded curves of the 
same type as did the calculated values, but of different 
degree. The theoretical and experimental curves agree 
fairly well for small field areas, but for larger areas the 
experimental values are considerably in excess. This 


suggests that for small fields back-scatter arises chiefly 


from a single scattering process but that for large fields 
multiple scattering occurs. 

The difference between the calculated and measured 
values is much greater in water and paraffin wax than 
in sulfur, suggesting that in areas such as the knee, 
where there is a high percentage of denser material, the 
effective wave length of the total radiation may be 
shorter than in soft tissue. 

Measurements of quality reinforce the observations 
on quantity of the back-scattered radiation. The ef- 
fective wave length of scattered radiations is consider- 
ably greater than the calculated value for a single scat- 
ter. The difference is so great that it is apparent that 
the wave lengths within a scattering medium are very 
different from the primary beam. The scattered radia- 
tion was found to be softest at the surface of a water 


medium, becoming harder with depth up to a constant 
value at relatively great depths. The larger the field 
size the longer is the wave length of the scattered radia- 
tion. SYDNEY J. HAWLEy, M_D. 


Biological Evaluation of 20 Million Volt Roentgen 
Rays. I. Acu‘e Roentgen Death in Mice. Henry 
Quastler and Robert K. Clark. Am. J. Roentgenol. 
54: 723-727, December 1945. 

Secondary electrons from high energy roentgen rays 
are much more penetrating than those from conven- 
tional roentgen rays. Because of this, the depth dose 
from rays generated at high voltages increases to a 
maximum below the surface and from there on slowly 
decreases. Thus for 20-million-volt roentgen rays at a 
target distance of 45 cm., the maximum depth dose 
occurs at a level of about 3 cm. and amounts to about 
three times the surface dose. At 10 cm. it is about 225 
per cent of the surface dose. The effects of high-energy 
radiation may also vary in other respects from conven- 
tional radiation. In order to determine what, if any, 
these effects may be, biological experiments must be 
utilized. The present paper deals with the comparative 
effects, on mice, of roentgen rays generated at 20 million 
volts and at 200,000 volts. A phantom was devised so 
that the entire body of the animal would receive an 
approximately homogeneous dose. It was found that 
the animals react similarly to both qualities of radiation. 
They lose weight, show anorexia and diarrhea, become 
progressively cachectic and die, if the dose has been 
large enough. Quantitative evaluation of effectiveness 
showed that 1 r of the higher energy radiation was 
equivalent to about 0.78 r of 200-kv. rays. Further 
investigations are in order to establish the significance 
of this conversion factor. L. W. Paut, M.D. 
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